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Novel carbonyl piperazinyl and piperidinyl compounds of formula (1.0) or (1.1) and pharmaceutical compositions are disclosed. Also 
disclosed is a method of inhibiting Ras function and therefore inhibiting the abnormal growth of cells. The method comprises administering 
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CARBONY L=P I PERAZ INY L AND PIPERIDINIl COMPOUNDS WHICH INHIBIT FARNESYL 
PROTEIN TRANSFERASE 

Pat®nt ippliettion WO published § January 1©9§ undsr th® 

PaW Ceop®ratton Timaty (POT) duserfefi compounds which inhibit famesyl- 
p79t®iin tensfems® (FT®§®) and th® fefin®sylatien of th® oncogen© protein Ras. 
©ne@pm®i fr®qu®n% ®ng@d® protein compon®nts of signal transduction 
pathways which Csad to stimulation of ©sll growth and mite§®n®sis. Oneog®n® 
©»pr®i@ion in gy8tur®d ©®lls {®ads to esilular transformation, charaet®ri2®d by th© 
ability of cslls to grow in soft agar and th® growth of @®lls as dsns® foci lacking th© 
contact inhibition ®^5bit®d by non-transformed ©tils. Mutation and/or 
ov®r®xpr®ssion of certain oncogenes is frequently associated with human eane©r. 

To aequir® transforming potential, th® precursor of th© Ras oncoprotein 
must ynd®rgo fam®sylatien of th® eystsin© residue located in a carboxyM®rminal 
tetrapeptid®. inhibitors of She enzyme that catalyzes this modification, famesyl 
protiin transferas®, hav® therefore b®®n sugg©st®d as anticancer agents for 
tymors in which Ras contributes to transformation. Mutat®d, oncogenic forms of 
Isias are frequently found in many human cancers, most notably in mor® than 50% 
of colon and pancr®atic carcinomas (Kohl ®t a!., Science, Vol. 260, 1834 to 1337, 
1993). 

In vi©w of th© current int®rest in inhibitors of fam®syl protein transferas®, a 
w®leome contribution to the art would b© additional compounds useful for the 
inhibition of famesyl protein transferase. Such a contribution is provided by this 
feiv®ntion. 

SUMMARY OF TH£JNMENTJOk1 

The present invention is directed to novel carbonyl piperazinyl and 
piptriSdinyi compounds of th® formula: 

2 



R 1 0^2 
or a pharmaceutical^ acceptable salt or solvate thereof, wherein: 
(1 ) 2 is a group which is: 

1 
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20 



(CH 2 ) b (?H2)b ( c„ 2)b 




wherein X 1 is CH or N; 
5 X 2 can be the same or different and can be CH, N or N-O; 
bisO, 1,2,3or4; 

n and nn independently represent 0, 1, 2, 3, 4 or when X 2 is CH, n and nn can be 
5; 

R20 and r21 ^ be the same group or different groups when n or nn is 2, 3, 4 or 

1 0 5, and can be: 

(a) hydrogen, Ci to Ce alkyl, aryl, aralkyl, heteroaryl, heteroarylalkyl or 
heterocycloalkyl, wherein each of said Ci to Ce alkyl, aryl, aralkyl, heteroaryl, 
heteroarylalkyl or heterocycloalkyl can be optionally substituted with one or more 
of the following: 

15 Ci to C4 alkyl, C3-C6 cycloalkyl, 

(CH2)tOR 8 wherein t is 0, 1 , 2, 3 or 4, 
(CH 2 )tNR 8 R 9 wherein t is 0. 1 . 2, 3 or 4, or 
halogen; 

(b) C 3 toC 6 (c) -OR 8 ; (d) -SR 8 ; (e) -S(0)R 8 ; 
cycloalkyl; 

(f) -SO2R 8 ; (g) -NR 8 R 9 ; (h) -CN; (i) -N0 2 . 
0) -CF 3 or (k) halogen (l)-C0NR 8 R 9 or (m) -COR 13 
wherein R 8 and R 9 can independently represent: 
20 H, Ci to C4 alkyl, C3 to C6 cycloalkyl, heteroaryl, heteroarylalkyl, heterocycloalkyl, 
aryl or aralkyl and each of said alkyl, cycloalkyl, heteroaryl, heteroarylalkyl, 
heterocycloalkyl, aryl or aralkyl can be optionally substituted with one to three of 
the following: 

Ci to C4 alkoxy, aryl, aralkyl, heteroaryl, heteroarylalkyl, heterocycloalkyl, 
25 halogen, -OH, -C(0)R 13 . -NR 14 R 15 ; 

-CONR 8 R 9 or -N(R 8 )COR 13 ; -CN; C3-C6 cycloalkyl, S(0) q R 13 ; 
or C3-C10 alkoxyalkoxy wherein q is 0, 1 or 2; 
wherein R 13 is selected from Ci to C4 alkyl, aryl or aralkyl, and 



2 
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R 14 and R 15 are independently selected from H, Ci to C4 alkyl or 
araRcyt; 

and optionally, when R 8 and R° are bound to the same nitrogen, R 8 and R 9 , 
together with the nitrogen to which they are bound, can form a 5 to 7 membered 
5 heterocyctoalkyi ring which may optionally contain O, NR 8 , S(0)q wherein q is 0, 
1or2; 

with the proviso that R 8 is not H in substHuents (e) and (f) , and with the 
proviso that R 8 or R 8 is not -ChfcOH or -CH 2 NR 14 R« when R 8 or R 8 is directly 
attached to a heteroatom; 

0 

(2) R 1 is a group which is: 




wherein 

0 0 0 

T can be -C— -S0 2 - , -C-NH- , -C-O— , or a single bond, 

15 x = 0, 1,2, 3, 4, 5 or 6. 

R a and R b independently represent H, aryl, alkyl, amino, alkylamino, alkoxy, 
aralkyl, heterocyloalkyl, -COOR 16 , -NH(C0) 2 R1 8 wherein 2 = 0 or 1, 
•(CH 2 )wS(0) m R 16 wherein w=0. 1, 2 or 3 such that when x is greater than 
1, then R a and R b can be independent of the substituents on an adjacent 

20 carbon atom provided Ra and R b are not both selected from alkoxy, amino, 

alkylamino, and -NH(C0) Z R1 8 ; 
m s 0, 1 or 2 wherein 
R 16 represent H, alkyl, aryl or aralkyl, 

or R« and R b taken together can represent cycloalkyl, =0, =N-Oalkyl or 
25 heterocyctoalkyi, and 

R 10 can represent H, alkyl, aryl, aryloxy, arylthio, aralkoxy, aralkthio, aralkyl, 

heteroaryl, heterocyctoalkyi, 
or R 1 can also be 




30 or disulfide dimers thereof; 



3 
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(3) R 2 and R 3 are independently selected from the group which is: 
hydrogen, Ci to Cs alkyl, C2 to C 8 alkenyt, C2 to C 8 alkynyl, 
(CH 2 ) 2 NR 8 R 9 — (CH^^OR 8 

O or ° 

wherein 2 Is 0, 1, 2, 3 or 4; and said alkyl, alkenyl. or alkynyl group is optionally 
5 substituted with one or more groups which can independently represent: 

(a) aryl, aralkyl, heteroaryl, heteroarylalkyl or heterocycloalkyl, wherein 
each of said aryl, aralkyl. heteroaryl, heteroarylalkyl or heterocycloalkyl group can 
be optionally substituted with one or more of the following: 

10 C1 to C4 alkyl, 

(CH 2 )tOR 8 wherein t is 0, 1, 2, 3 or 4, 
(CH 2 )tNR 8 R 9 wherein t is 0, 1, 2, 3 or 4, or 
halogen; 

(b) C 3 toC6 (c) -OR 8 ; (d) -SR 8 ; (e) -S(0)R 8 ; 
cycloalkyl; 

(f) -SO2R 8 ; (g) -NR 8 R 9 ; (h) (i) 

R 8 R 8 

— N R 9 N NR 8 R 9 

Y Y 
O O 

(j) (k) (I) ( m ) 

— O NR 8 R 9 — 0/ 0R ' v NR»R 9 — S0 2 — NR e R 9 

Y T Y 

o 0.0 

t • ' 

(n) (0) (P) 

R 8 V/OR 8 R 8 

0 or 



wherein R 8 and R 9 are defined hereinbefore; and 
1 5 and optionally, when R 8 and R 9 are bound to the same nitrogen, R 8 and R 9 , 
together with the nitrogen to which they are bound, can form a 5 to 7 membered 
heterocycloalkyl ring which may optionally contain 0, NR 8 . S(0)q wherein q is 0, 
1or2; 

with the proviso that for compound (1.0) when is CH, then R3 is hydrogen, 
20 and with the further proviso that R2 and R* cannot both be hydrogen; 

4 
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and with the provision that when X 1 is N, then R 1 is not 



One skilled in the art will recognize that compound (1.0) and (1.1) are 
identical when R 2 and R 3 are the same. One skilled will also recognize that 
5 compounds (1 .0) and (1 . 1 ) are positional isomers when R 2 is different from R 3 . In 
the present specification, the procedures described herein for preparing 
compound (1.0) are also applicable for preparing compound (1.1). 

Preferably, R 3 is H; b is 0; or R 3 is H and b is 0. 
Also preferred is that Z is (-i-), (-ii-) or (-Hi-), X 2 is CH or N, b=0 or 1, R 2 ° is H, 
10 C1-C6 alkyl or halo, n e o or 1; 
X'isN; 

for R 1 , T is -CO-, -SO2- or a single bond, and R a and R b independently represent 
H or C1-C6 alkoxy or R a and R b taken together can form C3-C6 cycloalkyl, =N-0- 

O 

C1-C6alkylor X3~ S ~'0" CH3 

O 

1 

1 5 R 10 is H, aryl, arylthio or heteroaryl; 

(CH 2 ) 2 NR 8 R 9 — (CH 2 ) 2 OR 8 

R2 «H, V or v 

z ■ 0 or 1, R B is H and R 9 is alky], cycloalkyl, aralkyl, heterocycloalkyl or 
substituted alkyl; and 
R 3 is hydrogen. 

20 

In another embodiment, the present invention is directed toward a 
pharmaceutical composition for inhibiting the abnormal growth of cells 
comprising an effective amount of compound (1.0) in combination with a 
pharmaceutically acceptable carrier. 

25 In another embodiment, the present invention is directed toward a method 

for inhibiting the abnormal growth of cells, including transformed cells, comprising 
administering an effective amount of compound (1.0) to a mammal (e.g., a 
human) in need of such treatment. Abnormal growth of cells refers to cell growth 
independent of normal regulatory mechanisms (e.g., loss of contact inhibition). 

30 This includes the abnormal growth of: (1) tumor cells (tumors) expressing an 



aetivat®d Ras ©neegen®; (2) tymor eells in which the Ras protein is aetivated as a 
t®sufii of ©neegmfe mytatien bi anoth®r gene; (3) benign and malignant e®lls of 
@ta pr©W®rativ® diseases on whieh aberrant Ras aetivatien ©eeurs. and (4) 
benign @r m&Kgn&rt ©site Shat ar® aet&vated by meehanisms ©Sh®r than th© Ras 

5 protein. Without wishing So be bound by theory, it 5s beli®v®d that th®s® 

©ompoynds may functton aRhw flhrough th® inhibition off @-ppot®in ffynetien, sueh 
as rag p21, by blowing ©-protein isepronyiation, thus making them ys®fful in Sh® 
Smatmsnt off proliferate® diseases sueh as tumor growth and ©anoer, or throygh 
inhibition @f ras f?am®syi protein transfers®, thys making them us®fful for their 

1 o antiproliff®rativ® activity against fas transformed ©ells. 

Th® ©tils t© b® inhibited ©an b® tymor ©ells ©pressing an aetivated ras 
©neog®n®. For ©xampl®, th® types of ©ells that may be inhibit®d inelyd® 
paneroatie tymor eells, lyng ©sneer ©ells. my®loid l®uk®mia tumor e©lls. thyroid 
follicular tumor eells, my®lodysplastie tymor ©ells, ®pid®rmal carcinoma tumor 

1 § eells, bladder ©areinoma tymor ©ells or eolon tymors ©ells. Also, th© inhibition of 
the abnormal growth of ©ells by th® tr®atment with eempound (1.0) may be by 
inhibiting ras famesyl prot®in transferase. Th® inhibition may be of tumor eells 
wh®f®in the Ras protein is aetivated as a result of oncogenic mutation in genes 
other than th® Ras g®n®. Alternatively, compounds (1 .0) may inhibit tumor cells 

20 aetivated by a prot@in ©th®r Shan th® Ras protein. 

This invention also provid@s a m@thod for inhibiting tumor growth by 
administering an effective amoynt of eompoynd (1.0) to a mammal (e.g., a 
human) in need of syeh treatment, in particular, this invention provides a method 
for inhibiting the growth of tumors expressing an aetivated Ras oncogene by the 

25 administration of an effective amoynt of th® above described compounds. 

Examples of tumors which may be inhibited include, but are not limited to, lung 
©aneer (e.g., flung adenocarcinoma), pancreatic cancers (e.g., pancreatic 
©areinoma sueh as, for example, ©xeerin® pancreatic carcinoma), eolon cancers 
(©.g., eolor®etal eareinomas, sueh as, for ©xample, eolon adenoeareinoma and 

30 eoton ad®noma), my®loid leukemias (for example, acute myelogenous leukemia 
(AMI)), thyroid foieular eaneer, myelodysplasia syndrome (MPS), bladder 
©areinoma and epidermal eareinema. 

fit is believed fthat this invention also provides a method for inhibiting 
proliferative dis®as®s, both benign and malignant, wherein Ras proteins are 

35 aberrantly aetivated as a result of oncogenic mutation in other g®nes~i.e., the Ras 
g®n© its®lf is not aetivat©d by mytation to an oncogenic form-with said inhibition 
being accomplished by th© administration of an ®ff®etiv® amount of th® carbonyl 
piperazinyl and piperidinyl eompoynds (1.0) described herein, to a mammal (e.g.. 
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a human) in need of such treatment. For example, the benign proliferative 
disorder neurofibromatosis, or tumors fin which Ras is activated due to mutation or 
@v@r©^r®ssi©Ji of tyrosine kinase ©neeg®n®s (®.g., n®u, sre, abl, Sck, and fyn), 
may lb© inhibited by the mtb@nyi piperezinyl and piperidinyl compounds (1.0) 

5 described fo®r®in. 

On dinetor ®mbodim©nt, th® present invention is directed toward a method 
Iter inhibiting res femesyl protein tenures® and th® ffam®sylation ®f th® 
encopn® protein Ras by administering an effective amount of compound (1.0) to 
mammals, ©specially humans. Th® administration of th® compounds of this 

1 0 invention to patients, to inhibit fam®syl protein transf®ras®, is us®f ui in the 
treatment of the eaneers deseribed above. 
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As used herein, the following terms are used as defined below unless 
1 3 otherwise indicated: 

Ac • represents acetyl; 

aeyl radical of a naturally occurring amino aeid - represents a group of 
the formula -©(OJCfNHaJR 2 ^ 28 , L®.: 

O MH 2 



20 wherein R 28 and R 2@ represent the substituents of an amino acid bound to the a- 
earoon; for example R 23 and R 2S can be independently selected from H, alkyl, or 
alkyl substituted with an R 20 group, wherein R 30 can be, for example, -OH, SH, 
°SGHg, phenyl, p~hydr©xyph®nyl, indolyl or imidazolyl, such that HO 
C(0)C(NH2)R 23 R 2S is an amino aeid selected from, for example, alanine, 

25 cysteine, cystine, glycine, histidine, isoleueine, leucine, lysine, methionine, 
phenylalanine, serin®, tryptophane, tyrosine or valine. Preferably 
stereochemistry of the amino acid is of the L absolute configuration. 



alkyKineluding the alkyl portions of alkoxy, alkylamino and 
30 dialkylamino)=repr®sents straight and branched carbon chains and contains from 
one to twenty carbon atoms, preferably one to six carbon atoms; for example 
methyl, ©thyl, propyl, iso-propyl, n-butyl, t-butyl, n-pentyl, isopentyl, hexyl and the 
Dike; wherein said alkyl group may be optionally and independently substituted 
with one two or three of hydroxy, alkoxy, halo (e.g. GF3), amino, alkylamino, 
35 dialkylamino, N-aeylalkylamino, N-alkyhW-aeylamino, -S(0)m°®lkyl where m=0, 1 
or 2 and alkyl is defined above; 

7 



alk©Ky=an afkyi mecety of en© to 20 enrbon atoms eovalently bonded to 
an adjacent structural element through an o ©torn- * @r ®«amp«®. m®thesy, 
sttK»qf, propose, butexy, psntosy. hexoxy and th© tik®. 

a&enyRepresents straight and branched earbon chains having at least 
5 erne earfeon S© e§rb@n double bend and containing from 2 to 12 carbon atoms, 
preflerablly <fr@m 2 to 6 carbon atoms and most preferably from 3 to S earbon 
atoms; 

atkynyRepresents straight and branched earbon ehains having at least 
en® earbon to earbon triple bond and containing tern 2 to 12 earbon atoms, 
1 o pr®f®rably from 2 to 8 earbon atoms; 

aq - represents aqueous 

aralkyl - represents an alkyl group, as defined abov®, wher©in on® or 
more hydrogen atoms of th® alkyl moi®ty hav® b®®n r®plae®d by on® or more aryl 
groups, as defined below (e.g., benzyl, diph®nylm©thyl); 

15 aryl (Including the aryl portion of arytoay and aralkyl)-r®presents a 

earbeeyelie group eentaining from 6 to 15 carbon atoms and having at least on© 
aromatic ring (e.g.. aryl Is ph®nyl or napthyl), with all available substituted® 
earbon atoms of th® eafboeyelie group being int©nd©d as possibl© points of 
attaehm®nt, said earbeeyelie group being optionally and ind©p©ndently 

20 substituted with on®, two, thr@® or mor® of halo, C1 -C8 alkyl. C1-C6 alkoxy, 
amino, alkylarnino, dialkylamino, aryl, aralkexy, aryloxy, -NOa, -S(0) m °aryl 
wherein m^O, 1 or 2, C(0)R 11 (wh®r®in R1 1 is as d®flin©d h®r©inb®for©), an aeyl 
radical. -COOR 1s (wh®r®in R* s repr®s®nts H. alkyl, aryl or aralkyl ), or substituted 
C1°Oi alkyl wherein th® alkyl group as substituted with on® two or thr©© of amino, 

25 alkyfamino, dtalkylamino. aryl. N=aeylalkylamino, N-alkyl-N=aeylamino, 

N-aralkyl-N-aeylamSn©. hydroxy, alkoay, halo, or h®t®roeyeloalkyl, provided that 
when there ar® two or mor® hydros, amino, alkylamino or dialkylamino 
substitu®nts en th® substituted CrCs alkyl group, th© substitusnts ar© on different 
earbon atoms; er alternatively said aryl group may b® fused through adjaesnt 

30 atoms to form a fused ring containing up to four earbon and/or hstsroatoms (®.g. 
m®thyl®n® diosyphenyl, Indanyl, tstralinyl, dihydrobensofuranyl); 

aratay ■» represents an aralkyl group, as dsfinad abov®, in which th® 
alkyi moiety is eovalently bond®d to an adjacent structural ®l®m®nt through an 
oxygen atom, e.g. bengyiloxy; 
35 arytey - represents an aryl group, as defined above, eovalently bond®d 

to an adjaesnt structural element through an oxygen atom. ®.g. phsnoay; 

arylihio - represents an aryl group, as d®fin®d abov®. eovalently bonded 
to an adjacent structural element through a sulfur atom, for ©sample, phsnytthio; 

3 



HOC - «®pnis®nts fsrf^utaKycarbonyl; 
®©©=©N • ir®pr®s®nts |2°(t®rt-biJtoJQfearb©nyloxyimino)-2° 
ph®nylae@tenitril®]; 

g ©BZ • raipreasnts bunzylojjyeaf&onyl; 

©Ph® - reprssonts friph®nylm®thy8; 

(^E@nKsyJ»impr(i)§i)frt§ © gatyraflud ©aflbogyeDie ring, braneh®d ©r 
ynbranentd, ©? tam 3 to §0 @afta atoms, preferably 3 So 7 earfeon atoms; 

DSU ° tDpr®s®nts l,Misabieyclo|5A0|unctoo-7-fln«; 
10 DOO - rapnMonts dieyeloh®Kyt©arb©diimcd®; 

DCM - o®pr®s®nts dielhtoromathan®; 

DIC • r®pr®s®nts dioseprepylearbediinnid©; 

DMAP - ir®pr®§®nts 4»dim®thylamin0pyridin®; 

DMF - r@pr®s®nts N,N°dim®thytf©rmamid®; 
15 EDO (also DEO) - r®pr®s©nts 1=(3=dim©thylaminopropyl)°3- 

©thylearbediimtd® Ifoydreehlerid© or 1=®thyl°3=(3= 
dim®fthylamen©pr©py!)earb©diamidl® hydreehlorid®; 

FMOC • r®pr©s©nts 9=f8y©r©nylm©thyexyearbenyl; 

FMOC=©l - r®pr®s®nts 9»flly©re®nylm®thyl ehloreformat®; 
20 MATU • represents [0=(7=a2absn2©tria2©H°yl)-1 ,1,3,3- 

t®tr&m®thyiuroniumi Ihixafluorophosphitiij); 

MCFBA - repres©nts m=ehlorop®rb®n2©ic ©eld; 

Ph - represents phenyl; 

TBAF - represents tatrabutylammonium fliuorid©; 
25 TFA - repres®nts triflyoreaeetie aeid; 

THF - repres©nts t©trahydrotan; 
halog©n (halo)°repres©nts fiuor©, efatero, bromo and oodo; 
haloalkyl - represents an alkyl groyp, as defined abov®, wherein en® or 
more hydreg®n atoms Ifoav® b®®n repla&ed by ©n® ©r mere halog©n atoms, I®. 
30 ehlorom®thyl and trifiyrem®tfoyi; 

h®t®reeyel©alkyl°r®pres®nts a saturated, braneh®d ©r unbraneh®d m©no- 
, bi° ©r trieyelie earbeeyJie ring(s) ©©ntaining from 3 to 15 earbon atoms In ©aeh 
ring, pr®fsrably from 4 to 6 earbon atoms, wh®rein at bast on® ©as&ooyclic ring is 
Snternapt®d by 1 to 3 h®t®roat©ms s®l®et®d from °0, -S- or -N- (suitabl® 
35 n®t®reeyeloalkyJ groyps inelyde 2° ©r 3-tstrahydrohiranyl, 2° or 3- 
tstrehydrothisnyl, 2°, 3- or 4=pip®ridonyl, 2- or 3-pyrrolidinyl, 1-.2- er 3- 
merphelln©, 2° or S-pipsrislnyl, 2° @r 4-diossnyl, dia2a<-2,2,2=bieyeloeetan® ©to.); 
with any of (the availabl® sybstitytabl® earbon and nitrogen atoms in fro ring 



9 



feting ©ptionaliy and 5nd®p®nd®ntly §ubst!tut®d with ©n®, two, thr®® er more of 
Gi«0@ alkyl, aryl, aralkyl. halealkyl, ^ In0 - ©Ikylsmimo, dialkylamine, °S(©W®ryl 
wh®r® msO, 1 or 2 and aryl 6s (toflrwd abov®, <€(0)R™ wh®r®in H 11 is d©fin®d 
(ato® or aeyl radieal of a natyrally ©eeuring amino ©eld; 

§ h®t®r©aryW®pr®s®nts eyelie groups having on®, tw© ©r tthr®® h®t®reatom 

g®l®ea®d from =0=, °S° or saW h®t®r@at©m Entsnupting a earboeyelie ring 
§tiry§3ur® and having a eutftont nymfear of ds&oeafe®d pi ®5®etr@ns to prevod® 
©rematie dh*arae3®r, wltfo to aremsatce to!Dt®r@gyelie gr@yps pr®f®rably containing 
torn 2 to 14 eattsn atoms, ®.g., qyinolinyl, irnkteaotyl, fyranyl, iriszolyl, flhiazolyt, 

1 o Indolyl. banaolhtanyl, 2- ©r & flhi®nyl, 1-, 2% 3= ©r 4-pyridyl ©r pyridyi N=oxid®, 
wh©r®tn pyrldyl W-©rdd® ©an b® r®pr®s®nt®d as: 



©7 




I J 

o o* 



with all availabl® substitutabl® mfem and h©t©r©atoms of th© eyelie group being 
int®nd®d as possibl® points of attaehm©nt, said eyelle group bsing optionally and 
1 5 lnd®p®nd®ntlly substltut®d with @n®, two, thr®® @r m©r© of hal©, alkyl, aryl, aralkyl, 
h@t®r@afyl, hydr©xy, alk©«y, ph©n©xy, °N©2, CF3, amino, alkyiamine, 
dialkyiamino. and °G©OR* s wh©r©in R1« r©pr®s@nts H, alkyl, aryl or aralkyl (®.@., 



h®t®roarylalkyl = r©pr®s©nts an alkyl greup, as dsfinsd above, wh®r®in 
20 on© ©r mom hydrog©n atoms hav© b®®n r®plae®d by h®t®r@aryl groups (as 



Un©§ drawn onto the ring syst©ms indieat© that the indieat©d bond may bs 
a«taeh®d to any ©f Sh® substitutabl® ring earbsn atoms. 
25 C&rt&in e@mp@ynds of th® onvgntion may ©xist in diff®r®nt osomsrie (®.g., 

enamtomers and dsast®r®©os©m©rs) forms. Th© invention e©nt©mplat©s all sueh 
isomers both 6n pyr® form and In admisiur®, including rae®mie mixtures. Enol 

forms ar® alls© included. 

0®rtaln eompounds (1.0) will b© aeidie in natur®, ©.g. thes© eompounds 
SO whieh possess a earfeosyl or ph®n©lie hydros group. Th®s® compounds may 
f©rm pharmae®ytteally aeeeptebl® salts. Eaampl®s of sueh salts may onelud© 
sediym, potassium, ©aleiym, alyminum, gold and silv®r salts. Also eont©mplat©d 
at® sate formed with pharmaceutical^ aee®ptabl© amon®s sueh as ammonia, 
alky! amin©s. hydr©xyalkylamin©s, N°m®thy»glueamin© and th® Dik®. 
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Certain basic compounds (1.0) can also form pharmaceutically acceptable 
salts, e.g., acid addition salts. For example, the pyrido-nrtrogen atoms may form 
salts with strong acid, while compounds having basic substhuents such as amino 
groups also form salts with weaker acids. Examples of suitable acids for salt 
5 formation are hydrochloric, sulfuric, phosphoric, acetic, citric, oxalic, malonic. 
salicylic, malic, tumeric, succinic, ascorbic, maleic, methanesulfonic and other 
mineral and carboxylic acids well known to those in the art. The salts are 
prepared by contacting the free base form with a sufficient amount of the desired 
acid to produce a salt in the conventional manner. Trie free base forms may be 

1 0 regenerated by treating the salt with a suitable dilute aqueous base solution such 
as dilute aqueous NaOH, potassium carbonate, ammonia or sodium bicarbonate. 
The free base forms differ from their respective salt forms somewhat in certain 
physical properties, such as solubility in polar solvents, but the acid and base 
salts are otherwise equivalent to their respective free base forms for purposes of 

1 5 the invention. 

All such acid and base salts are intended to be pharmaceutically 
acceptable salts within the scope of the invention and all acid and base salts are 
considered equivalent to the free forms of the corresponding compounds for 
purposes of the invention. 

20 The following processes may be employed to produce compounds of the 

invention. Various intermediates in the processes described below can be 
produced by methods known in the art, see for example, U.S. 3,409,621, U.S. 
5,089,496, WO89/10369, WO92/20681. and WO93/02081, the disclosures of 
each being incorporated herein by reference thereto. 
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The piperazinyl compounds of the present invention and starting materials 
thereof, can be prepared according to the following overall Process A. 



HO (8.0) 



Process A 
H 



R 2^>f (10.0) 



BOC (9. 



BOC 



d.o) 



o 

R 3 



Acylation/SuHonylation 



R 1 ■ (a-d, Wc, n-g, u-x, aa, 
bb, gg, Wl, nn-coo) 



1. Acylation 

2. Deprotection 



R2^N (1.0) 

R 1 

R 1 * (e. g, I. m, y, z, 
cc, ee, hh) 



/ R 3 
(10.1) 

H 

1. Reductive 
alkytation 

2. Deprotection 



tf^? d.0) 



R 1 = (f, h, r, s. t. dd. ff, mm) 
wherein Z, BOC, R 1 . R 2 and (a-ooo) are as defined herein. 
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A1. Preparation of Pteera?lnyl Starting Materials. 
The aromatic compounds ("2") of formula (3.0) 

20 



09-*" Iff ">"-; 



2' % 




wherein Rn 20 , Rnn 21 and X 2 are as defined hereinbefore, and the solid floating 
bond indicates that Rn 20 and R nn 21 can be bonded to the aromatic ring at any 
suitable atom for attachment, ie.carbon, are known to those skilled in the art. The 
dotted floating bond indicates the subsequent site of introduction for the carboxyl 
group. 



(3.0) (8.9) H+ HO 

(8.0) 

Using a reaction such the Kolbe-Schmidt Reaction, the carboxylic acids of 
formula (8.0) can be prepared by contacting the aromatic compounds of formula 
(3.0) with a base such as n-butyl lithium, followed by treatment with carbon 
1 5 dioxide, followed then by treatment with a suitable acid, such as hydrochloric 
acid, to give carboxylic acid (8.0), which are also compounds known in the art. 

Alternatively, carboxylic acid (8.0), wherein bsO, can be prepared by 
reacting the aromatic halide (i.e.R 20 is halo) of compound (3.0) and an 
organometallic such as n-butyl lithium to yield aromatic anion (8.9), which is then 
20 treated with carbon dioxide and acid as described above, to give carboxylic acid 
(8.0). 



o 

CI-C-CI AICI 3 
Z _ 



(3.0) 



> 



HO 
(8.0) 

In an alternative reaction, carboxylic acids (8.0) can be prepared by reacting 
25 aromatic compounds (3.0) with phosgene in the presence of a Lewis Acid, such as 
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aluminum chloride (AICI3) followed by hydrolysis of the acid chloride to give 

carboxylic acid (8.0). 

Also, carboxylic acids (8.0) wherein b=1, 2, 3 or 4 are also known in the art, 
e.g. 3^yridytacetic acid, 3-phenylpropionic acid, 4-phenylbutyrlc acid and the Tike. 



The carboxylic add (8.0) is then reacted with piperazinyl intermediate (9.0) 
in the presence of a coupling reagent (such as a carbodiimide, e.g., 
dicyclohexylcarbodiimide) in a suitable solvent such as DMF at a suitable 
temperature to produce the piperazinyl amide (10.0). 

The preparation of compounds of Formula 9.0 is described in WO 
95/00497, published January 5, 1995, the disclosure of which is incorporated 
herein by reference thereto. The preparation of piperazinyl intermediate (9.0) is 
depicted in Schemes 1 and 2. 




z, 



WO %/3 11201 



Scheme 1 describes the synthesis of 2,3-disubstituted pip®razines 
wh<Dir<Din end R3 jndspsnctently represent H. atkyl, alkenyi. or ©KOTl- Seh®m© 
1 am Ascribes th® synthesis of 2,3-disubstituted pipelines wherein R2 and R* 
Mapsndanty nproafftt is ©Ikyi. rfwiyl. ©r alkynyl whoeh are substituted with 
5 aubattumt @reups (a), <b). (c). (d) ^d (g) at defined above, with the amotion 
tout ^® and &mnm tei> © group that is substitute with -C(0)R« or »S0 2 R 13 . In 
Scheme 1, i©Q°pf©t©§t©d ©men© acids (12.0) ase available commercially or can 
to mad© by preesduraa roll tow in the art. These amino acids can b® 
ooupBeO (step 1) to a commercially availbl© N-ben^proteeted amino acid, ethyl 
1 o ester using •utaWt ©oupiing agents such as DCC or EDO in suitabi® solvents 
(®.0., N, N-dimsftyltonnainida. chloroform or methylen® chloride) to produe® a 
compound of Formula 13.0. Oenerally, this taction is conducted at room 
t®mp®ratyr© (La., about 25-C). Th® BOC protecting group is removed (step 2) at 
room temperature with suitable reagents such as trifluoroaeetic acid, or hydrogen 
1 5 ehleride in chloroform or diosan®. Th® d®prot®et®d dipeptide is eyelized (step 3) 
ynder basic conditions to produce th© compound of Formula 14.0. The 
compound of Formula 14.0 is then reduced (step 4) using UAIH4 in refluxing 
ether (diethyl ©ther) or THF to give th© piperasine of Formula 15.0. Th© 
ynsubstituted nitrogen of th® piperazin© of Formula 15.0 is protected (step 5) with 
20 a BOC group by procedures well known in th© art to give the compound of 

Formula 18.0. Th© N-benzyl group is removed (step 6) by catalytic hydrogenation 
(e.g., using Pd/C and hydrogen gas under pressure of about SO psi) to give the 
compound of Formula (9.0). Alternatively, compound (15.0) can be converted to 
th® FMOC derivative (15.3) by treatment with FMOC-CI in th© presence of a base 
25 such as sodium biearbonat© in an aqueous dioxane. The FMOC derivative (15.3) 
can b® d®b®ngylat©d as described in step 6 above, to give compound (15.5). 
Compound (15.5) can be converted to the BOC-derivetiv® (15.7) by procedures 
known in th© art. Compound (15.7) can b® converted to compound (4.0) by 
heating in a suitabl® hy^roxyl solv©nt such as methanol. 
30 Those skilled in th® art will appr®ciat® that th® compound of Formula 9.0 

can exist as th® following enantiomers 

H H H H 



BQQ BOO iOC BOC 

(g.1) (9.2) (9.1a) P-2»> 
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These piperazinyl isomers yield the desired isomers of compound (1.0) shown 
below: 

u v° >i )=», ■ 

R 2< ^ r R 2 * ¥ R 2S 1\ R 2 ¥ 

R 1 R 1 R 1 R 1 

(1.1) (1.2) (LID (1.2a) 
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SCHEME 2 



R 22 



H O 



(17.0) 



.OH 




OC 2 H 6 



(18.0) 




Compounds (9.0), wherein R* and R 3 independently represent alkyl. 
aikenyl or alkynyl substituted with (a), (c), (d) or (g) groups wherein R 3 or R9 are 
substituted with -C(0)R 13 or -S(0) 2 R 13 are made according to the process of 
Scheme 2. Compounds (9.0), whererin R2 and R 3 independently represent 
represent -C(0)NRW or -C(0)OR 3 f or wherein R2 and R 3 independently 
represent alkyl, aikenyl or alkynyl substituted with its groups (e), (f). or (h)-(p) are 
also made according to the process of Scheme 2. Compounds (17.0) and (1B.0), 
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wherein R 22 and R 220 ' independently repressnt alkyl, alk®nyl or alkynyl group 
©gntaining ©Khtur a -OH group, a °G0OH or its corresponding ©ster, ©r@ available 
eemm©rei®llly @r ean be mad© by procedure© known In fih® art. !n Seh©m® 2, fih® 
©emp^nd (17.0) to iflgaefied aeeopding So fin® procedures d®seriib®d for Seh®m© 1 

§ (sfieps 1 fio 4) fi@ produe® a ©smpound (19.0) wherein ^23 ^23a jftdgpendenfily 
represent © hydroxy substituted alkyl, alk@nyl or atkynyi group. Th® compound 
(19.0) to fih®n profiecfied with © i©G group and fihen debensyiafied aeeordlng fio 
fin© procedures in Scheme 1 (Sfieps S and i) fio produce a compound (9.3). Th© 
unsubsfitfiufied nfireg®n e? compound (9.3) as proWsd (step 7) with a C82 group 

10 by procedures known in fih© art fio produce fihe compound (9.4). Th® groups R 23 
and R 23a ©n compound (9.4) ean be converted fio R 2 and R 3 , respectively, 
followed by deprofieefiien of compound (9.4) by oafialytic hydrogenation, I.©, 
palladium/carbon and hydrog®n in a suitable solvent sueh as msthanol, fio giv® 
eompound (9.0). 

1 5 Wh@n R 23 and R 233 of eompound (9.4) is -CHgOH, fih® hydroxy group can 

b® oxidized fio produe® fih® eorrssponding earboxyl group=(COOH). This earboxyl 
group ean fih®m b® esterifo®d fio produe® compounds wh®rein R 2 is =C(0)OR 8 . or 
fih© earboxyl group ean b® eonv®rfi®d fio amid®s fio produe® compounds wherein 
R 2 or R 3 ar© =C(©)NR 8 R 8 by procsdur®s wsll known in fih® art. 

20 To produe® compounds (9.0) in Seh®m© 2 wh©rein R 2 and/or R 3 is a 

subs«ifiu®n8 ofih®r fihan °C(0)OR s or -C(0)NR 8 R s , fih© hydroxy group on R 23 or 
R 23 ® in eompound (9.4) ean b© conv®rfi®d fio a leaving group, sueh as ehloro, 
mesylexy or fiosyloiry, by techniques well known in fih© art. Thsn fih® leaving 
group ean b® displaced by various nueieophiles sueh as organom©tallics (fio 

25 produe© R 2 and/or R 3 with an (a) substifiu®nt), thiols (to produe© R 2 and/or R 3 with 
a (d) subsfiifiu®ni), sulfenyls (to produe® R 2 and/or R 3 with an (®) substituent), 
sultfinyls (to produe© R 2 and/or R 3 with an (Q or (m) §ubstitu©nt), amines (fio 
produe® R 2 and/or R 3 with a (g) subsiifiu©ni), and alcohols (fio produce R 2 and/or 
R3 with a (e) subs«ifiu©nt). Th® hydroxy group on R 23 and/or R 2331 in compound 

30 (9.4) ean also b® aeylafi©d (fio produe® R 2 and/or R 3 with a (j) ©r (k) substifiuent) or 
alkylafi©d (fio produe© R 2 and/or R 3 wifih a (e) substituent). When R 23 and/or R 23a 
in eompound (9.4) os aikyl having mor® than on® carbon atom, or alk®nyi or 
alkynyi, fih® hydroxy group ean b® oxidized, as diseuss©d above, fio produce fih© 
corresponding earboxyl group (i.©., subs«ifiu©nt (0) wherein R 8 is H). This 

35 eaffcoxy! group ean b© esterified fio produce compounds wherein substituent (0) is 
°C(0)OR 8 wherein R 8 is ©th©r fihan H, or eonv@rt®d fio amides to produe® fio 
produe© R 2 and/or R 3 with an (i) substitu®nt by proe®dur®s w©ll known in th© art. 
When th® (©aving group is displaced by an amin® (®.g., »NR 8 R e ), the amine can 
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Si®n &b mmm®3 t© R 2 ©nd/©r R 3 subs«itu©nt groups (h), (i) ©r (n) by r®aeting th© 

©min® with an ©eyl halid® (t© predue® R 2 ©nd/er R 3 with ©n (h) substitu®nt), a 

earbamyJ h©lid® (to pmdye® R 2 ©nd/er R 3 with ©n (i) ©ubstitu®nt) or a au tfenyl ~ 

halid® (it© predlueQ R 2 ©ffi^/br R 3 with ©n (n) suostHusnt) by p@@®dur®§ w©ll kn©wn 

ca th® art, whieh fetawing d!®pr@t@et5@n, giv® eempound (§.0). 

Th® e@mp@und of F@fmul© 10.0 ©an b® cfcsprototiod (i.@., the BOO greup 

r®m@v®d) by irasinusrrt with an ©eid (®.g. flriflu@r©ae®tte aeid, @r HCJ=dioxan®) to 

predye® th® o©mmp©ynnid (1D.1). 

2. z 




10 

C©mpound (10.1) ©an b® eonv®rt®d to th© d©sir®d pip®razinyl eompound 
(1.0), wh@r®in X 1 is N, by aeylatoon, aeylatien ©nd d®prot®etion or reduetiv© 
alkylatien, ©pttenally with d®pr@t®etien. 

Aeyl!©tien of lift® ©empeund (10.1) ©an b® earri®d out by r®aeiing it with © 
1 6 eompound hiving © earboxyiie ©eid moitty eentain®d in or part of th® d@sir®d R 1 
gr©yp, with © ©©opting ©g®nt, sueh ©s © earbediimid® sueh ©s 
dieyel©h®Jsylearb©diimid®(BCC) ©r DEC (1«®thyl»3=(3- 

dim®thylamin0pr©pyl)earb©diimid®). Th© aeylatien ir®aet5©n ©an b© earri®d out in 
a suitable ©rgnnie ao!v®nt sueh ©s DWJF, THF or m®thyl®n® ehlorid® at a 

20 t®mp®ratur® of ©bout =1 0° to ©bout 100°C, pr®ferabty at about 0° to ©bout §0°C, 
and most pr®?®rably ©bout r©om t©mp®ratur@. Wh®n th® eoupling r®ag®nt is DCC 
or DEO, th® insaetien is pr®?®rabiy eonduet®d in th© pr@§®ne® of HOST. 

Compounds (1.0), wh®r®in ri j§ ® subststu®rat (a=®, g, t»q, u-cc, e®. gg-ll, 
nn°@@o) ©an b® mad® by miaetong a eompound (10.1) with R 1 -l_ wh®r@in R 1 

25 eentains th® =C(0)° gr©yp ©nd L is© taaving groyp sueh ©s CI, Br, I, or a 

eato^at® (an ©nhydrid®). Th® maetien is e©rri®d ©ut in th® pr®s©ne® ©f a base, 
pr®fep©blly © tofflfiry ©min® sueh ©s tri®thylamin@ ©r N»m®thyl morpholin®. 

Sp®&lealiy, eompeunds (1.0) wh®r®in R 1 is a substity®nt (u) to (y) ©an b® 
m©d® by c^aetcng a ©ompoynd of Formula (10.1) or (30.0) with a pyridyl 

30 ©hCor@f©rm®t® ©r pip®ridyl ©hl©referm©t®; ©r, ©5t®m©tiv@ly, r®©etin@ a eompound 
(10.1) ©r (30.0) with ®«e®s§ ph©sg®n® ©nd ff®aeting th® ehlorotormat® thys 
pmdue®d with a hydressypyridyl N°©xid@ or hydr©xypip®ridin® d®rivativ©. Th® 

20 
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reaction is carried out in a suitable solvent, such as dichloromethane, in the 
presence of a tertiary amine, such as pyridine, by techniques well known in the 
art 

Alternatively, compounds (1.0). wherein R 1 is a substituent (m) to (q) can 
5 be made by reacting a compound (10.1) with a pyridyl isocyanate, pyridyl 
N-oxide isocyanate or piperidyl isocyanate corresponding to the pyridyl, pyridyl 
N-oxide or piperidyl moiety, respectively, of the substituent groups (m) to (q). The 
reaction is carried out in a suitable solvent such as DMF, THF or chloroform using 
techniques well known in the art. Alternatively, these ureas can be prepared by 

1 0 reacting a compound (10.1) with phosgene to form a chloroformate intermediate 
(R 1 is -C(O)CI). This chloroformate is generally not isolated, and is reacted with 
pyridyl amine, pyridyl N-oxide amine or piperidyl amine corresponding to the 
pyridyl, pyridyl N-oxide or piperidyl moiety, respectively, of the substituent groups 
(m) to (q) by techniques well known in the art. 

1 5 When compounds of Formulas 1 0.1 (X 1 is N) or 30.0 (X 1 is CH) are 

acylated to make the compounds (1.0) wherein R 1 is substituents (g) or (e), the 
protected compounds of Formulas 32.0 and 33.0, respectively are formed. 



2. Z 




SCPh 3 SH 
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Protected compounds (32.0) and (33.0) can be deprotected by using 
trifluoroacetic acid and triethylsilane to yield compounds (1.6) and (1.3). 
respectively, which are isolated as the hydrochloride salts. 

Reductive alkylation (i.e. reductive amination) of compound (10.1) can be 
5 accomplished by reacting compound (10.1) with an aldehyde in DMF with a 
dehydrating agent such as molecular sieves at room temperature (about 25°C). 
This reaction is followed by reduction of the intermediate imine with a reducing 
agent such as sodium cyanoborohydride or sodium triacetoxyborohydride. The 
reduction is usually carried out at room temperature in a suitable solvent such as 



When compounds of Formulas 10.1 (X1 is N) or 30.0 (X1 is CH) are 
reductively alkylated to make the compounds (1.0) wherein R 1 is substituents (h) 
or (f) , the protected compounds (34.0) and (35.0), respectively are formed. 



1 5 These protected compounds can be deprotected by using trifluoroacetic acid and 
triethylsilane to give, respectively, compounds (1.4) and (1.5) which are isolated 
as the hydrochloride salts. 

Compounds of Formula (1.0) wherein R 1 is a substHutent (u) to (y) can be 
made by reacting a compound R 1 -CI, wherein R 1 is a substituent (u) to (y). with a 

20 compound of Formula 10.1 or 30.0, in dichloromethane with a tertiary amine 



10 DMF. 
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bas®. Tfc® reaction is eonduet®d at ©bout 0° to about 60°C tor about 1 to about 70 
tours. 

Certain compounds of Formula (1.0) ean b® eonv®rS®d to other eompounds 
©? tft® Formula (1.0) u§5m@ Mandard reaetien eendfoiens. For ©xampl®, 
©empounds @? the formula (1.0) wh®r®in R 2 gn g/ or R3 ^ oCOgH. (i.®., °C(0)OR 8 
isnd R 8 is H), 'ean b® ppfpar®d by ©sonolysis of a compound (1.0) wh®r®in R 2 
@nd/©r R 3 is 0Hgs©8HI», fellowtd by ©nidation of th© Resulting aldehyde to give 
©th®r desired compounds (1.0). 

Compounds (1.0) wherein R 2 and/or R 3 is °C(©)OR 8 where R 8 is ether 
than H, ean b® prepared fr@m ©empound (1.0) wh®rein R 2 and/or R 3 is -COgH by 
treating with SOCfe ©r ©nalyl ehlorid®, then with an aleohol ef the tormula R 8 OH, 
wherein R 8 is as d©fin®d above. Similarly, eompounds of tormula (1.0) wherein 
R 2 and/or R 3 is »C(0)NR 8 R9 ean b® pr®par®d from a compound (1.0) wherein R 2 
and/or R 3 is -COgH via essentially the same method but substituting an amine of 
the tormula R 8 R 9 NH forth® aleohol R^OH. Alternatively, eompounds of Formula 
(1.0) wherein R 2 and/or R 3 is =C(0)NR 8 R9 ean be prepared by reacting a 
compound (1.0) wherein R 2 and/or R 3 is -COgH with an amine R 8 R 9 NH in the 
presence of a coupling agent, such as DCC or DEC. 

8n an analogous manner, eompounds (1.0) wh©r®in R 2 and/or R 3 is alkyl 
substituted by a group of the formula -C(0)OR 8 or -C(0)NR 8 R8 can be prepared 
via substantially the same procedures as described above to form compounds 
wherein R 2 and/or R 3 is -GOgH, =G(0)OR 8 or =G(0)NR 8 R9 by replacing the 
compound (1.0) wherein R 2 and/or R 3 is GHa-CH- with an appropriate alkenyl 
group, (i.e., a group of the formula °(CH2) p »CHbCH 2 , wherein p is 1, 2, 3, 4, etc.). 

Compounds (1.0) wh@r®in R 2 and/or R 3 contains a substituenf of formula 
°S(0)«R 8 , wherein t s 1 ©r 2, ean be prepared by oxidation of an analogous 
compound of the formula (1.0) wherein R 2 and/or R 3 contains a substituent of 
formula -S(0)tR 8 , wh®rein t s 0, using a suitable oxiding agent, such as a 
peraeid, preferably MGPBA. 

On® skilled in the art will recognize that the abov© transformations may, in 
certain instances, such as wher© R 1 is a group of the tormula 




require that the oxidation be carried out prior to introduction of the R 1 group to 
formula (1.0). 
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Compounds (1.6) where the -Z group contains an N-0 moiety, can be 
prepared by treatment of the carboxylic acid (8.0) containing a nitrogen atom (N) 
In the aromatic ring, with an oxidizing reagent, such as m-chloroperoxybenzoic 
acid or hydrogen peroxide and acetic acid. The subsequent carboxylic acid (870) 
containing the 14-0 moiety can be treated as described herein to give desired 
compound (1.0). 



fi , process R far Prepa ring Piperayinyl Compounds 

In alternative Process B. the piperazinyl compounds (1.0) of the present 
invention can be prepared according to the following Process B. 
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Process B 

BOC 



AcytatkxV 
Suffonylation/ 
Optional 
Deprotection 



H 

(4.0) 



Reductive 
akylation 



BOC ! 0C r3 BOC^ 

f^J^T r2-Xi^ R 2 Xj^ 

b1 R 1 Dia 



Rl R 
(5.1) (5.2) 

R 1 ■ (a-e, g, i-q, R 1 - ( r, s, t, mm) 
u-cc, ee, gg-ll, nn-ooo) 

H H H 



R 1 

(5.3) 

R 1a =(f.h, dd.ff) 
I 



J R3 ^ J 
ii \ / Ri R 1a 



R 1 
(6.1) 




R 1 
(6.2) 



(6.4) 



HO 



(8.0) 



HO 



(8.0) 



R2^N (1-0) 



R ,Deprotect (^^f^ 
R^AsT (6.5) 
R 1 R 18 



wherein Z, BOC, R 1 = (a-ooo), R2 and R 3 are as defined herein. It is also 
understood that groups R 1 =(e, g, cc and ee) in compound (5.1) and groups 
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Ris(r, s, t, mm) in compound 5.2 and R 1 =(f, h, dd and ff) in compound (5.3) are 
either N-protected as the BOC derivative or both N -protected as the BOC 
derivative and S-protected as the trityl (triphenylmethyl) derivative. 

Process B, compound (4.0) can be either acyiated or reductively alkylated 

5 (ie. reductively aminated) as described hereinbefore, to incorporate the R 1 group 
to give compounds (5.1), (5.2) and (5.3) respectively. Compounds (5.1), (5.2) and 
(5.3) can be deprotected with any suitable acid, such as trifluoracetic acid (TFA) 
or dioxane saturated with HCI gas, in a suitable solvent, such as methylene 
chloride (CH2CI2) or dioxane to remove the BOC protecting group and yield 

0 compounds (6.1). (62) and (6.4), respectively. Reaction of compounds (6.1), 
(6.2) and (6.4) with carboxytic acid (8.0) under conditions and with reagents as 
described herein, gives the desired piperazinyl compounds (1.0) and 
(6.5).Compound (6.5) is deprotected as described herein to give compound (1.0). 

5 C. Piperidinyl Compounds and Start ing Materials. The piperidinyl compounds of 
the present invention and starting materials thereof, can be prepared according to 
the following overall Process C. 
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Process C 



MgCI 
R 2X 0 



2 ->o 

( 3 °) HO (8°) 



RO (8.1) 



H * N (8.3) CN 
(8.4) 



CH, (22.0) 




n2 (290) 
R CH, 




Acylation/Sulfonylation 



R 2 D1 



N (1.0) 
R 1 

R 1 = (a-d, i-k, n-q, u-x, 
aa, bb, gg, ii-ll, nn-ooo) 





1. Acylation 

2. Deprotection 



P2 » (300) 

R H 



Reductive 
Amination/ 
optional 
Deprotection 



, V 0-0) 
R 2 

R 1 « (e, g, I, m, y, z, cc, ee, hh) 




, V 0-0) 

R 2 R 1 



R 1 ■ (f, h, r, s, t, dd, ff, mm) 
wherein Z, R, R 1 =(a-ooo) and R2 are as defined herein. 
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fil Prflpa rfltiP" ft< PioP"rti"Y' Starting Materials. 

The preparation of aromatic compounds (3.0) and their corresponding 
carboxylic acids (8.0) has been described in the section A1, for the preparation of 
the piperizinyl starting materials. 

MgCI 



HO RO 

(8.0) (8.1) 



N (22.0) 
CH 3 




(29.0) 



The carboxylic acids (8.0) can be converted to esters (8. 1 ) by reacting the 
carboxylic acid with an alcohol such as methanol, in the presence of an acid such 
as sulfuric or hydrochloric acid to give ester (8.1). Ester (8.1) can be converted to 
1 0 the piperldyl ketone (29.0) by reaction of ester (8.1) with an organometallic 
reagent (22.0), such as as a Grignard reagent or an organolithium reagent. 



MgCI 

X?. 



HO H 2 N C 

(80) (8 .3) < 84) 



(22.0) 
CH, 



CN H+ S^lf (29.0) 

R 2 




In an alternative reaction, the carboxylic acids (8.0) can be converted into 
1 5 amides (8.3) by treatment with ammonia and a coupling agent such as DCC or 
DEC. The amide (8.3) can then be dehydrated to nitrile (8.4) by treatment with a 
reagent such as phosphorous pentachloride (P 2 CI 5 ), thionyl chloride (SOCI 2 ) or 
acetic anhydride by methods well known to those skilled in the art, as taught in 
Ian Harrison and Shuyen Harrison, Compendium of Organic Synthetic Methods, 
20 John Wiley and Sons. New York, (1971) and Volume 2, (1974). The nitrile (8.4) 
can be converted to ketone (29.0) by treatment with an organometallic reagent, 
such a Grignard reagent or an organolithium reagent, followed by hydrolysis with 
acid to give protonated piperidyl ketone (29.0). 
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Compounds (1.0) wherein X 1 is CH, and R 2 is alky!, alkenyl or alkynyl, or 
R2 is alkyi, alkenyl or alkynyl substituted with substituents (a), (b), (c), (d), or (g) 
with the exception that substituents R 8 or R 9 cannot have a halogen, -OH, 
-C(0)R 13 or -SO2R 13 substituent, can be made from compounds of the Formula ' 
5 22.0: 

MgCI 



JCj (22 0) 



R 2 N 
I 

CH S 

Compound (22.0) can be made according to the process: 

OCH 3 




(23.0) f( 24 °) 

COOCH 2 C e H 5 





(22.0) 

The substituted piperidines (22.0) may be prepared, as racemic mixtures, 
1 0 by essentially the same methods as described in O.L Comins and J.D. Brown, 
Tetrahedron Letters, vol. 27 No. 38, pgs. 4549 -4552, 1986. Thus, 4- 
methoxypyridine (23.0) may be converted using a variety of alkyl Grignard 
reagents (wherein R 2 is as illustrated below) and benzylchloroformate to the 
desired unsaturated ketopiperidines (24.0). Removal of the benzylcarbamoyl 
1 5 group with concomitant reduction of the double bond by catalytic hydrogenation 
yields the substituted ketopiperidines (25.0). Alternatively, the benzylcarbamoyl 
group can be removed with either base or acid followed by metal hydride 
reduction of the double bond to produce compound (25.0). Alkylation of the 
compound (25.0) with a suitable alkyl iodide such as methyl iodide in the 
20 presence of sodium hydride gives the n-alkylketopiperidines (26.0). Reduction of 
compound (26.0) with sodium borohydride affords the hydroxypiperidine (27.0). 
Compound (27.0) is reacted with a suitable chlorinating agent such as thionyl 
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chloride to afford the 4-chloropiperidine(28.0) which may in turn be converted by 
reaction with magnesium into compound (22.0). 

Compound (22.0) is reacted with the compound (8.1 or 8.4), described 
above, in a suitable solvent such as diethyl ether or THF. The reaction is 
5 conducted at room temperature (about 25°C) to about 50°C. This reaction is then 
followed by aqueous acid hydrolysis to yield ketones (29.0): 



The N-methyl group on the piperidine ring can be converted to a 
carboethoxy group (-COOC2H5) or a carbochloroethoxy group (-COOCHCICH3) 

10 by reaction with excess ethyl chloroformate or 1-chloroethylchloroformate in dry 
toluene or dichloroethane containing triethylamine at a temperature of about 
80°C. This procedure is similar to that described in U.S. Patents 4,282,233 and 
4,335,036. The carboethoxy group can be removed by either acid or base 
hydrolysis to give the compound (30.0). The carbochloroethoxy group can be 

1 5 removed by heating in methanol to give (30.0). 

Compounds (30.0) are prepared as diasteromeric mixtures. Preferably, 
the diasteriomers are separated into single isomers by classical resolution 
methods or by chiral HPLC to yield: 



Compound (30.1). (30.2), (30.3) and (30.4) can be converted to the 
compound (1.0), wherein X 1 in (1.0) is CH, by acytation or reductive alkylation. 





20 
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Cg Preparation of Piperidinyl Compounds. 

The piperidinyl compounds (1.0) wherein X 1 is CH, can be prepared from 
the piperidinyl ketone (30.0), by using the aeylation, acyiation and deprotection or 
reductive alkylation/optional deprotection procedures described for Process A or 
B. 

D. Process D for Preparing Ptoerazinvt Compounds 

In an alternative embodiment, an encoded combinatorial library of 
compounds compounds (1.0) wherein X 1 is N and R 2 has a suitable functional 
group, can be prepared using combinatorial methods on a solid phase as 
described in WO94/08051, April 1994, whose preparative teachings are 
incorporated herein by reference and according to the following Process D. 
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P 1 

process D j 
P 1 pa 1.55 | 



3.5 



f | Deprotect P 1 or 
P 2 ji_ -R 3 / 



R 1 Y 1 




4.35 




^-^6.35 



Y 2 



I 
H 

R 1 



H 



1 5.55 R 1 

5.35 P" , I 

I? Deprotect 

Deprotect i \ £™y 

(resnVr-L-R 2 | W fi g5 ^ 

OyZ O^Z 



JU 



.Cleave 



Cleave 



R 1 
I 

N^R 3 



o^z (1-D 



o^z 



I 



R 1 (1.0) 

In Process D, a resin, e.g. (resin)-F, is selected which contains a functional group. 
(-F), which can couple, or form a covalent bond with a suitable linker (A-L-B). 
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Suitable functional (=F) groups inelud® primary and secondary amines, hydroxy, 
thiol, earboxylie aeid, halid® and th® tik®. Th® linker ean b® any compound 
faaving (a) a complementary functional °A=° group (®.g. amin®, hydroxy, thiol, 
eaetoySie ©eod, halid® and flfo® lite) which ean eoupl©, or form a eovalent bond" 
a with (ir®iln)-F, and (b) a functional °°S° group (®.g. hydroxy, primary or s®eondary 
amine, thiol, earboxylie aeid and th© to) eapabl® of forming a eov'atem bond with 
a iuftabte tfunetienal group In ©iter R 2 or R 3 of a substituted, ^-protected 
piperazin® (1.5), ©ueh as an amid® or earooxylie aeid group in R 2 or R 3 and (e) 
any organie or inorganic moiety L having bound to it functional groups A and B. 

1 0 Representative linkers inelud®, but ar® not limit®d to 4=(bromomethyl)=3» 

nitrobenzeie aeid and 4=(hydroxymethyl)phenol. The (linker ean b® eoupl®d to 
(resin)=F in a suitable solvent (e.g. DOM or m©thanol), optionally in th© pr@s®ne© 
of a catalyst suitabi© for th® particular eoupling reaction. 

Reagents and r®aetion eonditions for prot®eting and deprotecting 

1 5 eompounds is well known, as deseribed, for example, in T.W. Green© and P. 
Wuts, Protective Groups in Organic Synthesis, 2nd Ed., Wiley Intorscience, N.Y. 
1991, 473 pages. In addition to having a suitable functional group in either its R 2 
or R 3 group, piperazine 1.55 has protecting groups, P 1 and P 2 orthogonal to each 
other and to the linker. Suitable protecting groups inelud® but ar® not limited to 

20 BOC, FMOC, CBZ, allyloxyearbonyl (ALLOC), benzyl, o-nitrophenyl and the like. 
The resin/linker 1 ean be eoupied to N=prot©et©d piperazin© 1.55 in the presence 
of a suitable solvent, optionally in the pres®nc® of a catalyst suitable for the 
particular eoupling reaction to give th© eoupied piperazin© 3.5. 

One of protecting groups P 1 or P 2 ean be r®mov©d by treatment with a 

25 suitable deprot©eting ag©nt or process, including but not limited to TFA, 

piperldine, hydrogenolysis, photolysis and the lik© to giv© partially deprotected 
piperazin© 4.35 or 4.55. Piperazine 4.35 or 4.55 can then be reacted with 
compound R 1 Y 1 wherein R 1 is as defined before and Y 1 is a suitable leaving 
group, in a suitable solvent, optionally in the presence of a catalyst suitable for 

30 the particular reaction, to give partially protected piperazine 5.35 and 5.55. 
Compound 5.35 and 5.55 ean be deproteet®d as described above to give 
dsproteeted compound S.35 or 6.55. Compound 6.35 and 6.55 ean b© reacted 
with earoenyl compound ZfGOJY 2 wherein 2 is defined before and Y 2 is a 
suitable leaving group to giv© compound 7.35 or 7.55. The ° A ° in moieties such 

35 as R 2 * F* and L A indicate that at toast one functional group in that moiety is 
covalenfly bonded to another functional group. 
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Compound 1.0 ©an 
®nd R 8 * using © suitable reagent ©r 



- ©leaving the ©©upling b®tween the 
process suitable tor the particular bond 



eoupHng..9.g. photolysis, aeidelysis, hydrolysis and the like. 

Compounds ®f «h® present Envontlon and ptDparative girling 

srof , iHPD 



§©@p® off Hh® disclosure, 
res wSth&m tin© seop® 
lilted in «h® art. su©h as by tin® methods 



ASt®maftive m©ehi®FaSsftiSe 
th® invento may b® 
described in W09S/1 



b® construed 
i ©mid 
to thes© 



A. ETHYL 3=PYIRiDYLACETJG ACID 1 -N-OXIDE 





Ethyl 3=pyr5dylaeetie acid (lOgrams) (80.8 mmetes) is dissolv®d in dry 
CHgClg (120ml) and the solution is stirred at -18°C tor 30 minutes. MCPBA 
(31.34 grams) (181.8 mmol®s) is add®d and the mtatur® is stirred at »18°C tor 1 
hour and then at 25°C tor 87 hours. The reaction mixture is diluted with CHgCfc 
and washed with saturated aqueous sodium biearbonat® and then water. The 
CH 2 CI 2 is then dried (magnesium sulphate), filtered and evaporated to dryness. 
lh® residue was ehromatographed on silica gel using 3% (10% concentrated 
ammonium hydroxide in methanol)»CH 2 CI 2 as the eluant to giv© th® title 
©ompound (Yield: 8.4a grams, 77%, 182). 

B. 3-PYRIDYLAGET1C ACID 1-N-OX1DE 





Ethyl 3-Pyridylaeetie acid 1=N-oxid® (0.2747 grams) (1.5 mmoles) is 
dissolved in ethanel (200 proof) (1.22 ml.) and a 1M solution of UOH in water 
(3.34 ml.) (3.0 mmoles) is add®d and th© mixtur® is stirred at 25°C tor 4 hours. 1 F 
HCI (4 28 ml.) is added and the mixture is pumped down to dryness on a rotary 
evaporator to give the title compound (Yield: 0.2931 grams. 100%). 
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PRFPAP.ATIVE EXAMPLE 2 

4-ETHOXYCARBONYLAMINOPYRIDINE 




NHCOOCH 2 CH 3 



10 



4-Aminopyridine (17.34 grams) (184.3) is dissolved in dry pyridine (217 
ml.) and cooled to 0°C over 30 minutes. Ethyl chloroformate (17.2 ml.) (180.7 
mmoles) is added and the solution is stirred at 0°C for 1 hour and then at 25°C for 
40 hours. The mixture is diluted with CH2CI2 and washed with saturated 
aqueous NaHCOs and water. The CH2CI2 is dried (MgS04), filtered and 
evaporated to dryness. The residue is chromatographed on silica gel using 
2%(10% saturated NH4OH in MeOH)-CH 2 Cl2 to give the title compound (Yield: 
10 grams, 33%, M+ 166). 

By using essentially the same procedure, with the exception that 



or 

is used instead of 4-aminopyridine, the compound 





Amorphous 
solid, MH* 167 



or 



Amorphous 
solid, MH* 167 



is obtained, respectively. 
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p R pp^RAT!VEFy AMPLga 



A. PIPERIDINE-4-ACETIC ACID 




5 4-Pyridylacetic acid hydrochloride (7 grams) (40.4 mmoles) is 

hydrogenated in water (100 ml) using 10% Pd-C at 40 psi at 25°C for 24 hours. 
The catalyst is filtered off and washed with water. The aqueous solution is 
shaken with BioRad AG1X8 resin (OH" form) (23 ml bed) and after 5 minutes the 
resin is filtered off and washed with water. The aqueous solution is evaporated to 

1 0 give the title compound (Yield: 5.2 grams, 90%, MH+ 144). 

B. 1-N-ACETYL-4-PIPERIDINYLACETIC ACID 



4-Piperidinylacetic acid (5 grams) (35.0 mmoles) is reacted with acetic 
anhydride (10.7 grams) (105.0 mmoles) in MeOH (100 ml.) and the mixture is 
1 5 stirred at 25°C for 24 hours. The mixture is evaporated to dryness and the 
residue is azeotroped with toluene to give the title compound (Yield: 6.4 grams, 
99%, MH+ 185). 
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C. 1-N-METHYL-4-PIPERIDINYLACETIC ACID 



O o 




4-Piperidinyiacetic acid (4 grams) (28.0 m motes) from Preparative 
Example 3A is dissolved in water (50 ml) and 37% formalin (2.72 ml) (33.6 
mmoles) is added. The mixture is hydrogenated over 10% Pd-C at 55psi at 25°C 
for 68 hours. The catalyst is filtered off and washed with water. The combined 
filtrates are evaporated to dryness to give the title compound ( MH+158). 

D. 1 -N-tert-BUTOXYCARBONYLPIPERI Dl N YL-4-ACETIC ACID 



O o 




COOC(CH 3 ) 3 

4-Piperidinylacetic acid (41.24 grams) (286.4 mmoles) from Preparative 
Example 3A is dissolved in THF-water (1:1) (400 ml) and di-tert-butyldicarbonate 
(69.14 grams) (317.3 mmoles) and NaOH (11.52 grams) (288.4 mmoles) are 
added. The mixture is stirred at 25°C for 72 hours. The solution is then eluted 
through a bed of washed BioRad 50WX4 (RS03H resin) (150 ml bed) and the 
resin is eluted with a 1:1 mixture of THF and water. The eluate is evaporated to 
dryness to give the title compound (Yield: 53.0 grams, 76%). 
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ppCPARATIVP EXAMPLE 4 

A. 3-PIPERIDINYLACET1C ACID 
O P 



HO 





3-Pyridylac8tic acid hydrochloride (13 grams) (74.9 mmoles) is 
hydrogenated as described in Preparative Example 3A to give a mixture of 
unreacted 3-pyridyiacetic acid and the title compound (7654) (8.63 grams. MH+ 
144). 



10 



15 



20 



B. 



1-N-ACETYL-3-PIPERIDINYLACET1C ACID 
O o 




k COCH 3 

The mixture of compounds from Preparative Example 4A (8.56 grams) are 
reacted with acetic anhydride (8.56 grams) as described in Preparative Example 
3A and the crude mixture of products is diluted in methanol (60 ml) and passed 
over a bed of BioRad AG50WX4 resin (RSO3H) and the latter is eluted with 
methanol. The eluates are evaporated to dryness to give the title compound 

(Yield: 1.23 grams. MH+ 186). 

C. 1-N-METHYL-3-PIPERIDINYLACETIC ACID 
O 0 



HO* 




HO" 




*CH 3 

The mixture of compounds from Preparative Example 4A (4 grams) and 
37% formalin (2.72 ml.) are hydrogenated as described in Preparative Example 
3C to give the title compound (MH+ 158). 
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PREPARATIVE EXAMPLE S 

3-PYRIDYUSOCYANATE, HYDROCHLORIDE 
NH 2 0=C=N 



6— 6 



HCI 

5 A 1.93 M solution of phosgene in toluene (20%) (584 mL) is diluted with 

dry CH2CI2 (1 L) and the mixture is stirred at 0°C under nitrogen atmosphere. A 
solution of 3-aminopyridine (21.1 grams) and dry pyridine (19 mL) dissolved in 
dry CH2CI2 (600 mL) is added dropwise to the stirred solution at 0°C over a 
period of 5.5 hours. The mixture is stirred at 0~25°C for an additional 48 hours. A 
1 0 stream of nitrogen is passed through the solution to remove most of the phosgene 
and the solution is then evaporated until almost all of the solvent is removed to 
give the title compound which is then taken up in dry pyridine (850 mL) to give a 
stock solution of the title compound. 

15 PREPARATIVE EXAMPLE 6 




Step A; 

o 





Combine 10 g (60.5 mmol) of ethyl 4-pyridylacetate and 120 mL of dry 

20 CH2CI2 at -20°C, add 10.45 g (60.5 mmol) of MCPBA and stir at -20°C for 1 hour 

and then at 25°C for 67 hours. Add an additional 3.48 g (20.2 mmoles) of 

MCPBA and stir at 25°C for 24 hours. Dilute with CH2CI2 and wash with saturated 

NaHCOa (aqueous) and then water. Dry over MgS04, concentrate in vacuo to a 
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residue, and chromatograph (silica gel. 2*5.5% (10% NU,OH in 
MeOH)/CH2Cl2)to give 8.12 g of the product compound (Et represents -C 2 H 5 m 
the formula). Mass Spec.: MH+ * 182.15 
Steo B: 
O 





Combine 3.5 g (19.3 mmol) of the product of Step A. 17.5 mL of ethanoi 
and 96.6 mL of 10% NaOH (aqueous) and heat the mixture at 67'C for 2 hours. 
Add 2 N HCI (aqueous) to adjust to pH = 2.37 and concentrate in vacuo to a 
residue. Add 200 mL of dry ethanoi. filter through CeIHe* and wash the filter cake 
10 with dry EtOH (2X50 ml). Concentrate the combined filtrates in vacuo to give 
2.43 g of the title compound. 

PRFPARAT1VF EXAMPLE 7 nhcooch, 

a .gr 

o - 

15 Combine 10 g (65.7 mmol) of 3-methoxycarbonylaminopyridine and 150 

mL of CH2CI2. cool to 0°C and slowly add (dropwise) a solution of 13.61 g (78.84 
mmol) of MCPBA in 120 mL of CH 2 CI 2 at 0°C over a period of 1 hour. Stir the 
mixture at 2S*C for 5 days, then wash with saturated NaHCOa (aqueous), then 
water and dry over MgS0 4 . Concentrate in vacuo to a residue and 

20 chromatograph (silica gel. 2%-5% (10% NH4OH in MeOH)/CH 2 CI 2 ) to give the 
product compound. Mass Spec.: MH+ = 169 

PRFPAFa™= EXAMPLE 8 CON 

COOH <?ON3 



coon | 

6 -6 



I 

O 
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10 



Combine 5 g (36.0 mmol) of isonicotinic acid 1-N-oxide and 150 mL of 
anhydrous DMF, add 5.5 mL (39.6 mmol) of triethyiamine and stir at 0°C for 0.5 
hours. Slowly add (dropwise) 8.5 mL (39.6 mmol) of diphenyl-phosphoryi azide 
at 0°C over 10 minutes, stir at 0°C for 1 hour and then at 25°C for 24 hours (as - 
generally described In Pavia, et a/., Journal of Medicinal Chemistry. 2& 854-861 
(1990). Concentrate h vacuo to a residue and chromatograph (silica gel, 0.5%- 
1% MeOH/CH2Cl2) to give 5.9 g of the product compound. 

Using nicotinic acid 1-N-oxide and substantially the same procedure as 
described for Preparative Example 8 the following compound is prepared: 

,CON a 



Cr 



3* 



PREPARATIVE EXAMPLE 9 
Step ft 

o 



HO' 





N.HQ 

Hydrogenate 25 g (144 mmol) of 3-pyridylacetic acid hydrochloride for 144 
15 hours using the procedure described in Preparative Example 3A to give 20 g of 
the product compound. Mass Spec: MH+ = 144. 
Step B: 

O O 
hctS ho 





N 



v COOC(CH 3 ) 3 

React 12 g (83.8 mmol) of the product of Step B for 148 hours using the 
20 procedure described in Preparative Example 3D, to give 17.5 g of the product 
compound. Mass Spec: MH+ = 244.25 

PRFPARATIYF FXAMPLE 10 
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NHCOOCHs 



I 

CH 9 



Combine 25 g (164.4 mmol) of methyl 3-pyridylcaibamate and 163.3 mL of 
1N HCI (aqueous), stir until all of the solid dissolves, then hydrogenate over 10% 
Pd/C at 25°C at 55 psi for 220 hours. Filter, wash the solids with water and treat 

5 the combined filtrates with 150 mL of BioRad AG1X8 ion exchange resin (OH-). 
niter, wash the resin with water and concentrate the filtrate to a volume of 100 
mL Add 1&43 mL (197.3 mmol) of 37% formalin and hydrogenate over 10% 
Pd/C at 25°C at 55 psi for 69 hours. Filter, wash the solids with water and 
concentrate in vacuo to give 24.3 g of the title compound. Mass Spec: MH+ «= 

10 173.2. 

PRFPA.RATix;p example 11 



Combine 10 mL of dry CH 2 CI 2 and 914.6 mL (28.1 mmol) of a 1.93M 
1 5 solution of phosgene in toluene, cool to 0°C and slowly add (dropwise) a solution 
of 0.6484 g (5.62 mmol) of 4-hydroxy-1-N-methyipiperidine, 1.214 mL (15 mmol) 
of pyridine and 10 mL of dry CH2CI2 over 10 minutes, then stir at 0° to 25°C for 2 
hours. Purge excess phosgene with N2 then concentrate in vacuo to give the title 
compound. 

20 

EXAMPLE 1 





Step A: 



42 




Dissolve 1 -tert-butoxycarbonyJ-4-(2,3-dimethylben2oyl)-pipera2jne 
(described in WO 95/00497, p 45, Example 1) in dioxane saturated with HCI gas. 
After about one hour concentrate in vacuo and use the resulting HCI salt without 
purification. 




Dissolve the product of Step A in N,N-dimethyl formamide containing one 
1 0 equivalent of 1-hydroxybenzotriazole, (HOBT) one equivalent of 1-(3- 

dimethylaminopropyl)-3-ethylcarbodimide hydrochloride (DEC), one equivalent 
of 4-pyridylacetic acid-1-N-oxide and one equivalent of N-methylmorpholine. 
When reaction is complete, about 4 hours, the reaction is poured into water and 
extracted with ethyl acetate. The organic layer is dried over magnesium sulfate, 
1 5 filtered and concentrated in vacuo. The residue is chromotographed on silica gel 
using ethyl acetate-hexane to give the title compound. 

EXAMPLE 2 
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Perform the reaction of Example 1, Step B except use 4-pyridinylacetic acid 
instead of 4-pyridinylacetic acid-1-N-oxide to obtain the product. 

5 EXAMPLE 3 




Perform the reaction of Example of 1, Step B except use N-methyl-4- 
piperidinylacetic acid (Preprative Example 3. Step C) instead of 4-pyridinylacetic 
10 acid-1-N-oxide to obtain the product. 



FX AMPLE 4 
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Step A: 




Perform the reaction of Example 1, Step B except use N-tert-butoxycarbonyl- 
5 4-piperidinylacetic acid (Preparative Example 3, Step D) instead of 4- 
pyridinylacetic acid-1-N-oxide to obtain the product. 



Dissolve the product of Step A in dioxane saturated with HCI gas and and 
10 allow to stir until complete, about 4 hours. Concentrate under vacuo. Partition 
between aqueous sodium bicarbonate solution and ethyl acetate. Dry the 
organic layer over magnesium sulfate, filter and concentrate in vacuo to give the 
title compound. 
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EXAMPLE 5 




5 Dissolve the product of Example 4, Step B in pyridine and add 0.5 

equivalent of acetic anhydride. Stir until complete, about 8 hours. Concentrate 
under vacuo. Dissolve in ethyl acetate, wash with brine, dry organic layer over 
magnesium sulfate, filter and concentrate in vacuo. Chromotograph on silica gel 
using ethyl acetate-hexane to give the title product. 

10 

EXAMPLE 6 




Dissolve the product of Example 4, Step B in methylene chloride and add 
15 excess trimethylsilylisocyanate. Stir under nitrogen for 18 hours. Wash with 
aqueous sodium bicarbonate solution. Dry the organic layer over magnesium 
sulfate, filter and concentrate in vacuo. Chromatograph the residue on silica gel 
using methanol-methylene chloride to give the product. 

20 EXAMPLE 7 
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Dissolve the product of Preparative Example 8 in toluene and reflux for 2 
hours. Cool to 25°C and add one equivalent of the product of Example 1 , Step A 
5 and allow to stand for 18 hours. Concentrate and chromatograph on silica gel 
using chlorofomvmethanol to give the product. 

EXAMPLE 6 




10 Dissolve 1-tert-butoxycarbonyl-(2(S)-2-(3-pyridyl-methoxyethyl)-4- 

(l-naphthoyl)piperazine (preparation described in WO 95/00497, Example 14) in 
dioxane saturated with HCI gas and allowed to stand until reaction is complete. 
Concentrate in vacuo and then react as described in Example 1 , Step B to yield 
the product. 
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FXAMPLE 9 




React 2(S)-4-acetamidobutyl)-4-(1-napthyl)- piperazlne (preparation 
described in WO 95/00497, Example 27, Step G) with N-methyM-piperidinyl 
acetic acid (Preparative Example 4, Step C) by the process described in Example 
3 to give the product. 

EXAMPLE 10 



React i.tert-butoxycarbonyl-4.(2,3-dimethylbenzoyl)-2(S)-(2-methoxyethyl)- 
piperazine (preparation described in WO 95/00497, Example 7, Step E) with 4- 
pyridylacetic acid using the process described in Example 2 to give the product. 
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EXAMPLE 11 




React 4-(pentamethylbenzoyl)-piperidine with 4-pyridylacetic acid by the 
5 process described in Example 2 and purify the crude product by silica gel 

chromatography using methanol-methylene chloride-amonia to give the product 
as a white solid, M+ = 379. 

EXAMPLE 12 



F 




React 4-(4-fluorobenzoyl)-piperidine with 4-pyridylacetic acid by the process 
described in Example 2 to give the product as a white solid, M+ = 327. 
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FYAMPLE 13 




SH 



SiflOA 

5 Dissolve one equivalent of 4-(pentamethylbenzoyl)-piperldine in N.N- 
dimethyl formamide containing one equivalent of sodium triacetoxyborohydride 
and crushed molecular sieves. Cool this solution to 0°C and add dropwise, a 
solution of 1 equivalent of 2(R)-tert-butoxycarbonylamino-3- 
triphenylmethylthiopropanal (preparation described in WO 95/00497, Example 1, 

1 0 Step C. and by O.P. Goel. et al. Organic Synthesis (1 988), fiL 69-75) in N.N- 
dimethyHormamide. Allow reaction to warm to 20°C and stir under nitrogen for 2 
hours. Concentrate in vacuo and partition the residue between ethyl acetate and 
saturated sodium bicarbonate solution. Dry the organic layer over magnesium 
sulfate, filter and concentrate in vacuo. 

15 

Step B: 

Dissolve the product from Step A in methylene chloride and add five 
equivalents of triethylsilane. To this solution add trifluoroacetic (10 equivalents) 
and stir the reaction at 20°C for 30 min. Concentrate in vacuo and partition 
20 between water and hexane. Chromatograph the water layer on a C18 HPLC 
column using acetonttrile water and 0.1% trifluoroacetic acid. The combined 
fractions are evaporated, dissolved in water and passed through a Biorad AG 3x4 
(CI-) ton exchange column to give the product as a hydrochloride salt. 

25 



50 



WO 96/31501 



PCT/US96/04169 



EXAMPLE 14 



H 



Cbz 



BOC BOC 
Cbz 

N N 
BOC BOC 



5 The title compound from Example 1 3A (WO 95/00497) is reacted 

with benzyloxycarbonyl chloride under standard conditions known to one skilled 
in the art, to give the N-Cbz protected alcohol shown above. After purification in 
the usual way the latter may be reacted with a variety of reagents shown in 
Column 1 of Table 1 to give the corresponding N-Cbz protected intermediates 
1 0 where R is as defined in Column 2 of Table 1 .After purification in the usual way 
the latter may be deprotected using mild catalytic hydrogenation procedures 
known in the an, to give after suitable purification, the final desired intermediates 
shown in Column 2 of Table 1. 
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Column 1 


Column 2 


H J and NaH 


NT 

Prepared as described in Example 14A 
(WO 95/00497) 

Example 6. 


Q5H5SSC6H5 + (n-BubP 


Prepared as described in Example 20B 
and 20C (WO 95/00497) 
Example 7. 


(i) ^^O^^CHj 

Hg(OAc) 2 
♦ 

CH3COOH 

(ii) CH2I2 + Et 2 Zn 


Rb 

Prepared as described in Examples 
26A and 26B ( WO 95/00497) 

Example 8 


(1) EtOCON=NCOOEt 
■f 

(C6Hs)3P 
+ 

CH3COSH 
(il)NH 3 +CH3OH 

♦ 

(ill) Mg monoperphthaUc 
acid + CH3OH 


Prepared as described in Examples 
29A, 29B and 29C (WO 95/00497) 
Example 9 


n-C 3 H 7 l + NaH 


n-C3H70- 

Prepared as described in Example 13C 
(WO 95/00497) 

Example 10 
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EXAMPLE 15 



a. 



BOCNH 



Cbz 
i 




OCNH^^^P 



I 

BOC 



Cbz 
i 



CH3CONH 



Cbz 
i 

.N 



H 



H 
N, 



CH 3 CONH 



^-^^V CH,CONH^^*N^ 



, CH 3 CONH' 
BOC 



BOC 



The title compound from Example 27D (WO 95/00497) is converted by the 
scheme shown above using standard procedures known to one skilled in the art 
into i-terf-butoxycarbonyl-2(S)-(4-acetylaminobutyl)piperazine. 
EXAMPLE 16 




Step A: 



OCH 3 

6 

N 



1-Ph 



Aci 



2. C 4 H 9 MgCI 



10 




As described by D.L Comins, et al., Tet Lett 4549 (1986). Dissolve 
4-methoxypyridine in THF and cool to -23°C. Add benzylchloroformate dropwise 
(1 equivalent) followed by 1 equivalent of butyl magnesium chloride in THF 
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10 



15 



added dropwise. Pour into 10% hydrochloric acid and extract with ether. Dry 
over MgS04 and concentrate. 
Step B: 



Ha 





Pd/C 



Dissolve the product of Step A in ethanol containing 10% palladium on 
carbon and hydrogenate at 60 psi. Filter and concentrate in vacuo to obtain the 

product. 
Step C: 

O O 





Dissolve the product of Step B in tetrahydrofuran, cool to 0°C under nitrogen 
and add one equivalent of sodium hydride. After stirring for 15 min., one 
equivalent of methyl iodide is added. Stir reaction for 15 min., concentrate under 
vacuo and chromatograph on silica gel using methanol-methylene chloride. 
Step D : 

O OH 





Dissolve the product of Step C in ethanol and add an excess of sodium 
borohydride. Concentrate in vacuo. Partition between water and ethyl acetate. 
Dry the organic layer over magnesium sulfate, filter and concentrate in vacuo. 



20 
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Dissolve the product of Step D in pyridine containing an excess of thionyl 
chloride. Stir for 18 hours and concentrate in vacuo. Partition between ethyl 
acetate and aqueous sodium bicarbonate. Dry the organic layer over 
magnesium sulfate, filter and concentrate in vacuo to obtain the product. 



EXAMPLE 17. 




Dissolve 2(S)-2-(3-pyridyl-methoxyethyl)-4-(1 -naphtholyl)piperazine 
1 0 (preparation described in WO 95/00497, Example 14, Step B) in methylene 
chloride containing one equivalent of triethylamine and cool to 0°C under 
nitrogen. Add one equivalent of the product of Preparative Example 1 1 and allow 
the reaction to warm to room temperature. Stir at 25°C until reaction is complete, 
about 10 hours. Concentrate in vacuo and chromatograph on silica gel using 
1 5 chloroform-methanol-ammonia to give the product. 
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ry AMPLE 18. 

BOC BOC 

I a.NaOH/THF r f ^1 S 
^jjAyN^ b. FMOCC1 ^N^^OH 

(4.01) FMOC (4-11) 

To the solution of above methyl 4-N-BOC-2-piperazine acetate (4.0) (5.2 g, 
20 mmol) in THF (60 mL) is added 1N NaOH (60 mL). The reaction mixtures is 
5 stirred at room temperature for 6 hours, cooled to 0°C and acidified to pH=9-1 0 by 
10% HCI followed by the addition of FMOC-CI (5.2 g, 20 mmole). The pH of the 
reaction mixture is kept at 9-10 by adding 1N NaOH. After room temperature for 6 
hours, reaction mixture is acidfied by 10% HCI to pH=1 and extracted with ethyl 
acetate twice. The combined organic layers are washed with brine, dried over 
1 0 MgS0 4 and concentrated to give 4-N-BOC-1 -N-FMOC-2-piperazine acetic acid 
(4. 1 ) (8.56 g, 89%) as a white foam. 

BOC BOC 

r N i ? ■ C\ 1 a 

^n^/\h edc.ch 2 ci 2 Sj,'\/\ | /\ 

FMOC FMOC (4 21) » 

(4.11) 

To the above 4-N-BOC-1-N-FMOC-2-piperazine acetic acid (4.1) (460 mg, 1 
mmol) in 5 mL CH2CI2 is added EDC (230 mg. 1.2 mmol) followed by the 
1 5 addition of isopropyl amine (130 uL, 1.5 mmol). After stirring at room temperature 
for 6 hours, the reaction mixture is treated with 1N HCI (10 mL) and ethyl acetate 
(30 mL). The organic layer is separated, washed with saturated NaHC03. dried 
over Na2S04 and concentrated to provide isopropyl 4-N-BOC-1-N-FMOC-2- 
piperazine acetamide (4.2) (454.6 mg, 90%) as a white foam. 

BOC 9°° 

f 11 *" TBAFJ>MF C JL A 

^n^X/^m^ b.3-Pyridylao5ticacid jf^^J^^^ 



20 



I \ DCC,NEt 3 N^^>> 0 {. 

FMOC H H 

(421) < 5U > 
To the solution of isopropyl 4-N-BOC-1-N-FMOC-2-piperazine acetamide 
(4.2) (150 mg, 0.3 mmol) in DMF is added TBAF (142 mg, 0.45 mmol). After 
stirring at room temperature for 1/2 hour, the reaction mixture is treated with 1N 



HC1 (§ mL) ©nd ®thyT©e®tat® (10 ML). Th® aqueous Bay®r is washed with ©Shyl 
©estate esue®, (bm@rSTc®d with saturated K2OO3 and ®ssts®et®d thr®e times with ®thyl 
©e®8©t®. Th® ©embin>®d ©s^mnce 0©y®rs ©r® dri®d over MgSOo <nnd eone®ntr©ted to 
©fford tihe tikssirasd Jntemisjdiate is©pr©pyN^»iCK>»§°plp®r©2on® ©e®t©raid® whieh 

5 te Gis®d for th® following rdaetien without further purfeition. T@ (th® solution of 3- 
P5fRdyi!©§®fiie ©eid (Si rag, 0.3 ram©!) ©nd trtethyl ©rain® (Si pJU 0.6 raraol) in 5 ral 
©IHlgOJg 8s ©ted 00© (78 rag, 0.SS raraol) followed by She addition of isoprepyl- 
44^SCK>i°pip@Ri2o*n® ©outaraid® in 2 ral CIHlgGla. Tih® r@aets@n raiKiur® is stirr®d 
©t mmn teraperatur® for i tours ©nd ©one®ntr©ted ©nd purjfed by flash 

1 0 §hr@raate@ raphy to gjiv® (5.1). (1 ©S.2 rag, 88%) us © ©otertoss oil. R?^o.4 (1 ©% 



MeOH on GHgGfe). 




(§.11) (1.1) 



To © solution of (§.1) (0.1g, 0.197 ramol) in DCM(6 raL) is added TFA (2 
raL). Th® reaetion mixture stirred ©t room temperature for on® hour and is then 

1 S evaporated to dryness in msuo. The residue is dissolved in ethyl aoetate (SO mL) 
and washed with water (40 mL). The aqueous phas® is then basified with solid 
sodium ©afbonate ©nd ©xtraeted with ehloroform (5 x 20 mL). Th© organic phase 
is dried over WJgS04 and eoneentrated in meuo affording th® deproteeted 
material as ®n oil in mass 0.089g (84%). To a solution of th® oil (O.02g, 0.07 

20 ramol) in DCM (1 raL) is added DCC (0.021g, 0.1 mmol) and 1-naphthoic aeid 
(0.01 7g, 0.1 mmole). Th© reaetion mixture is stirred at room temperature for 3 
hours and is then purified direetly by flash ehromatography (SiOg, S% methanol 
in BCM) affording (1.0) as an oil in mass 0.03g (94%) 

25 Jgg®rafll©_i& 
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O 

1 



To a suspension of Tentagel S® NH2 Resin (Rapp Poiymere Gmbh, 
Germany) (I.Og, 0.28 mmol/g loading, 0.28 mmol) in DCM (10mL) in a Merrifield 
reaction vessel was added 4-(bromomethyt)-3-nitrobenzoic acid (1.12 mmoi, 
5 0.29g), HOBT (1.12 mmol, 0.15g) and DIC (1 .68 mmol, 0.21g, 0.26mL). The resin 
shook at room temperature for 16h and was then washed with DCM (4 x 1 0mL) 
andTHF (3x10mL). 

Preparation of 2 




O 



The resin (0.28 mmol theoretical loading) was suspended in THF (10 mL) 
and treated with (aminomethyl)cyclopropane (5.6 mmol, 0.40g, 0.49 mL) at room 
temperature for 16h. The resin was then washed with THF (2x10 mL). 

15 Preparation of 3 

BOC 

I 



2 




The resin (0.28 mmol theoretical loading) is suspended in DCM (10mL) 
and reacted with 1-N-FMOC-4-BOC piperazine-2-acetic acid (1.12 mmol, 0.52g). 
HATU (1.12 mmol, 0.43g) and N.N-diisopropyethylamine (2.24 mmol. 0.29g. 
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0.39mL). The resin is shaken at room temperature for 16 h and is then washed 
with DCM (4x10 ml_). The resin is then retreated with the same mixture of 
reagents in a second coupling cycle of 16h. The resin is then washed with DCM 
(6x10mL). 

5 

Preparation of 4 

BOC 
I 



3 




The resin (0.28 mmol theoretical loading) is washed once with DMF (10 
mL) and is then treated with a 30% solution of piperidine in DMF (total volume = 
10 10 mL) at room temperature for 30 min. The resin is then washed with DMF (10 
mL), methanol (2x10 mL) and DCM (3x10 mL). 

Preparation of S 

BOC 



4 




1 5 The resin (0.28 mmol theoretical loading) is suspended in DCM (10mL) 

and treated with (S)-(+)-o-methoxyphenylacetic acid (1.12 mmol, 0.1 9g), HATU 
(1.12 mmol, 0.43g) and N.N-diisopropylethylamine (2.24 mmol. 0.29g, 0.39 mL). 
The resin is shaken at room temperature for 16h and then washed with DCM (4 x 
10 mL). 

20 



Preparation of 6 
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H 



5 




The resin (0.2B mmol theoretical loading) is treated with a 30% solution of 
TFA In DCM (10 mL) at room temperature for 1h. The resin is then washed with 
DCM (2 x 10 mL) and methanol (3x10 mL) and then treated with a 20% solution 
5 of triethylamine in methanol (10 mL) for 30 min. The resin is then washed with 
methanol (2x10 mL) and DCM (4x10 mL). 

Preparation of 7 




1 0 The resin (0.28 mmol theoretical loading) is suspended in DCM (10 mL) and 
treated with diphenylacetic acid (1.26 mmol, 0.27g), HATU (1.26 mmol, 0.48g) 
and N,N-diisopropylethylamine ( 2.52 mmol, 0.33g, 0.44 mL). The resin is shaken 
at room temperature for 16h and then washed with DCM (5x10 mL), DMF (3x10 
mL) and methanol (3x10 mL). 
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Preparation of 8 



7 




The resin (0.28 mmol theoretical loading) is washed from the Merrifield 
vessel into a 25 mL round-bottomed flask with methanol (10 mL) and photolysed 
(UVP Blak-Ray lamp, 360nm) for 3h. The resin is filtered and washed with 
methanol (3x10 mL) and DCM (3 x 10 mL). The solvent and washings are 
combined and evaporated to dryness in vacuo giving compound 8. 

Representative R 1 groups in compounds (1.0) and (1.1) can include the following: 
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""V* ^ 

(mmm) (nnn) (ooo) 

t t • 

wherein p is 1 or 2; 
qlsO, 1 or 2; 
EisCH 2 orNR7; 
5 FPisHorCitoCeaUcyt; 

R 7 is H, Ci to Ce alkyl, haloalkyl. -C(0)R 11 , -C(0)OR« -C(0)NR1«R15 or an acyl 
radical of a naturally occuring amino acid; wherein 

R 11 is Ci to Ce alkyl, Ci to Cs alkoxy or -NHR12 and 

R« is dtoCealkylorH; 
10 with the proviso that when X 1 is N and R 2 is Ci to C 6 alkyl or aralkyl, then R 1 is 
not (e) or (f). 

Representative R 2 or R3 groups in compounds (1.0) and (1.1) can include the 
following. 

^""C ^N^ SN ^N^O. CH3 
(0.222) . (0.223) . (0.224) 



H H CH 3 

(0.225) . (0.226) 



15 




CI H 

(0.228) (0.229) . (0.230) 
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H CH = 



o /"A 0 ° 

(0.231) . (0.232) . (0 233) . 

(0.234) N . (0.235) . (0-236) 

o ' o i / CHs 

(0.237) . (0.238) . (0.239) 

O CH 3 O O 

H " H 

(0.240) . (0.241) . (0.242) 

(0.243) . (0-2*4) OCH 3 . 

f f 

S^P -^N-Q 

(0.245) . (0.246) . (0.247) 

(0.248) . (0.249) Qr (0.250) 



For preparing pharmaceutical compositions from the compounds 

described by this invention, inert, pharmaceutical^ acceptable carriers can be 

either solid or liquid. Solid form preparations include powders, tablets, 

66 



disp®fslb!® granules, eapsutes, cachets and suppositoriss. The powdsrs and 
tablets may lb® comprised of from about 3 to about 70 percent active Jngredi®nt. 
Sutebl® solid carriers ar® known in th© ©ft. e.g. magnesium carbonate, 
magnesium st®apat®, Mite, sugar, tectose. Tablets, powdSers, cachets and 

§ capsules can b® us®d us solid dosag® terns suitable for oral administration. 

' For preparing suppositories, a Cow meiting wax such as a mixture of fatty 
acid glycerines @r @®s@a buister is tfirgt molted, and flr&e active ingredient is 
dispersed homogeneously tllhierein as by stirring. The molten homogeneous 
mixture is ton poured EM® ©onvenoent siand molds, allowed to ©@ol and thereby 

HO solidify. 

liquid form prepairatpons include solytions, suspensions and ®myl§ions. 
As an example may be mentioned water or water-prepylen® glycol solutions for 
parenteral injection. 

Liquid form preparations may also inolyda solutions for intranasal 
15 administration. 

Aerosol pr®parafions suitable for inhalation may inelud® solutions and 
solids in pewd©r form, which may be in combination with a pharmaceutical 
acceptable carrier, such as an inert oompr®ss®d gas. 

Also included ar® soSid form preparations whieh ar® int®nd®d to b® 
20 eonv®rt®d, shortly b©fer© ys®, to liquid form pr®parations for ®ith@r oral or 

par®nt®ral administration. Suoh liquid forms inelud® solutions, susp@nsions and 
smulsions. 

Th® oompounds of th® invention may also b® deliverable orally, or 
par®ntally, including th® 5ntrav®nous, intramuscular, intrap®riton®al. 

25 subcutaneous, racial, transdermal and topical routes of administration. Th® 
transdermal compositions can take th® form of creams, lotions, aerosols and/or 
emulsions and can b® inelud®d in a transdermal patch of th® matrix or reservoir 
type as ar© conventional in th® art for Shis purpose. For intramuscular, 
intraperitoneal, subcutaneous and intravenous use, sterile solutions of the active 

30 ingredient ar® usually prepared, and th® pH of the solutions should be suitably 
adjusted and buffered. For intravenous use, the total concentration of solutes 
should be controlled in order to render the preparation isotonic. 

Preferably, th© pharmaceutical preparation is in unit dosage form. Dn such 
form, th® preparation is subdivided into unit doses containing appropriate 

35 quantities of She active component, e.g.. an effective amount to achieve the 
desired purpose. 
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The quantity of active compound in a unit dose of preparation may be 
varied or adjusted from about 0.1 mg to 1000 mg, more preferably from about 1 
mg. to 300 mg, according to the particular application. 

The actual dosage employed may be varied depending upon the 
5 requirements of the patient and the severity of the condition being treated. 
Determination of the proper dosage for a particular situation is within the skill of 
the art. Generally, treatment is initiated with smaller dosages which are less than 
the optimum dose of the compound. Thereafter, the dosage is increased by small 
increments until the optimum effect under the circumstances is reached. For 
1 0 convenience, the total daily dosage may be divided and administered in portions 
during the day K desired. 

The amount and frequency of administration of the compounds of the 
invention and the pharmaceutically acceptable salts thereof will be regulated 
according to the judgment of the attending clinician considering such factors as 
1 5 age, condition and size of the patient as well as severity of the symptoms being 
treated. A typical recommended dosage regimen is oral administration of from 10 
mg to 2000 mg/day preferably 10 to 1000 mg/day, in two to four divided doses to 
block tumor growth. The compounds are non-toxic when administered within this 
dosage range. 

20 The following are examples of pharmaceutical dosage forms which contain 

a compound of the invention. The scope of the invention in its pharmaceutical 
composition aspect is not to be limited by the examples provided. 
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Pharmaceutical Dosage Form Examples 
EXAMPLE A 
Tablets 



NO. 


Ingredients 


mg/iaDiet 


mg/tablet 


1. 


Active compound 


100 


500 


2. 


Lactose USP 


122 


113 


3. 


Com Starch, Food Grade, 
as a 10% paste in 
Purified Water 


30 


40 


4. 


Com Starch. Food Grade 


45 


40 


5. 


Magnesium Stearate 


—a 


7 


Total 


300 


700 



Method of Manufacture 
Mix Item Nos. 1 and 2 in a suitable mixer for 10-15 minutes. Granulate the 
5 mixture with Item No. 3. Mill the damp granules through a coarse screen (e.g., 
1/4", 0.63 cm) if necessary. Dry the damp granules. Screen the dried granules if 
necessary and mix with Item No. 4 and mix for 10-15 minutes. Add Item No. 5 
and mix for 1-3 minutes. Compress the mixture to appropriate size and weigh on 
a suitable tablet machine. 

10 

EXAMPLE B 

Capsules 



No. 


Ingredient 


mg/capsule 


mg/capsule 


1. 


Active compound 


100 


500 


2. 


Lactose USP 


106 


123 


3. 


Com Starch, Food Grade 


40 


70 


4. 


Magnesium Stearate NF 


— 7- 


-Z 


Total 


253 S 


700 



15 Method of Manufacture 

Mix Item Nos. 1, 2 and 3 in a suitable blender for 10-15 minutes. Add Item 
No. 4 and mix for 1-3 minutes. Fill the mixture into suitable two-piece hard 
gelatin capsules on a suitable encapsulating machine. 

69 



WO 96/31501 



PCT/US96/04169 



While the present invention has been described in conjunction with the specific 
embodiments set forth above, many alternatives, modifications and variations 
thereof will be apparent to those of ordinary skill in the ait. All such alternatives, 
modifications and variations are intended to fall within the spirit and scope of the 
5 present invention. 

Assays 

Measurements of pharmacological activity of the present compounds can be 
made based upon a cell-based assay (i.e. FPT ICso). cell mat assay (GGPT IC50) 
10 or in vitro tumor activity (Cos Cell IC50) as described by the methods in 
WO95/10516. 

Under the test protocols employed, there were certain compounds within 
the scope of the present invention which did not exhibit activity. It is believed that 
such compounds would exhibit activity under a different test protocol. 
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The following compounds exhibited biological activity at concentrations below 10 
micromoles (urn) using an in vitro assay measuring the inhibition of FTase. 

Z 

=0 



p?^tr (1.0) 



Be z 
No. 


R1 


R2 

0 






H 




H3C ^ 














0 






O CH 3 
H 3 



71 



WO 96/31501 



PCT/US96/04169 




72 



WO 96/31501 PCIYUS96/04169 



33 OuO 

\ 


wo 

0 


OCH 3 


" OuO 

\ 




0 

OCH 3 


35 OuO 




OCH 3 


36 OuO 




0 

OCH 3 


s ' OuO 

\ 


\ ,° 
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\ 
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0 
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\ 
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48 




^.0 

V*NH 


o 

H £n 


49 




^^O^ CH 3 

H 3 C-/ 
H 3 C 


0 


50 




0 


0 


51 


OuO 

\ 


H 3 C ° 


H 


52 
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53 


OuD 

\ 


H S C 


O 


54 
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55 
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FPT IC50 values refer to concentration, in micromotes ( uM), of compound 
whic h inhibits 50% of FPT transferase. 

5- 
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WHAT IS 01 AIMED IS; 

1 . A compound of the formula: 




5 or a pharmaceutical^ acceptable salt or solvate thereof, wherein: 
(1) 2 is a group which is: 




10 wherein X 1 is CH or N; 

X 2 can be the same or different and can be CH, N or N-O; 
bis 0.1. 2. 3 or 4; 

n and nn independently represent 0. 1, 2, 3, 4 or when X 2 is CH, n and nn can be 

5; 

1 5 R 20 and R 21 can be the same group or different groups when n or nn is 2, 3, 4 or 
5. and can be: 

(a) hydrogen, Ci to Ce alkyl. aryl, aralkyl, heteroaryl, heteroarylalkyl or 
heterocycloalkyl, wherein each of said Ci to Ce alkyl, aryl, aralkyl, heteroaryl, 
heteroarylalkyl or heterocycloalkyl can be optionally substituted with one or more 

20 of the following: 

Ci to Ca alkyl, C3-C6 cycloalkyl, 
(CH 2 )tOR 8 wherein t is 0. 1, 2. 3 or 4, 
(CH 2 )tNR8R9 wherein t is 0. 1 , 2, 3 or 4, or 
halogen; 

(b) C 3 toC 6 (c) -OR 8 ; (d) -SR 8 ; (e) -S(0)R 8 ; 
cycloalkyl; 

(f) -SO2R 8 ; (g) -NRW; (h) -CN; (i) -NO2. 
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(j) -CF 3 or (k) halogen (O-CONRW or (m) -COR 13 
wherein R 8 and R 8 can independently represent: 

H, Ci to C4 alkyl, C3 to Ce cycloalkyl, heteroaryl, heteroarytalkyl, heterocycloalkyl, 
aryl or aralkyl and each of said alkyl, cycloalkyl, heteroaryl, heteroarytalkyl, 
heterocycloalkyl, aryl or aralkyl can be optionally substituted with one to three of 
5 the following: 

C1 to C4 alkoxy, aryl, aralkyl, heteroaryl, heteroarytalkyl, heterocycloalkyl, 
halogen, -OH, -C(0)R«, -NRi«R«; 
-CONR8R 9 or -N(R8)COR 13 : -CN; C3-C6 cycloalkyl, S(0)qRi3; 
or C3-C10 alkoxyalkoxy wherein q is 0, 1 or 2; 
1 0 wherein R 13 is selected from C1 to C4 alkyl, aryl or aralkyl, and 

R 14 and R 15 are independently selected from H, C1 to C4 alkyl or 

aralkyl; 

and optionally, when R 8 and R 9 are bound to the same nitrogen, R 8 and R 9 , 
together with the nitrogen to which they are bound, can form a 5 to 7 membered 
1 5 heterocycloalkyl ring which may optionally contain O, NR 8 , S(0)q wherein q is 0, 
1or2; 

with the proviso that R 8 is not H in substHuents (e) and (f) , and with the 
proviso that R 8 or R 9 is not -CH 2 OH or -CH 2 NR 14 R 15 when R 8 or R 9 is directly 
attached to a heteroatom; 



20 



(2) R 1 is a group which is: 



»10 



wherein 

9 9 9 

T can be — C— — S0 2 — , -C-NH- , -C~0— , or a single bond, 

25 x = 0,1. 2. 3, 4, 5 or 6, 

R a and R b independently represent H, aryl, alkyl, amino, alkylamino, alkoxy, 
aralkyl, heterocyloalkyl, -COOR 16 , -NH(CO) z R 16 wherein 2 • 0 or 1, 
•(CH2)wS(0)mR 16 wherein w=0, 1 , 2 or 3 such that when x is greater than 
1, then R a and R b can be independent of the substituents on an adjacent 

30 carbon atom provided R* and R b are not both selected from alkoxy, amino, 

alkylamino. and •NH(CO) z R 18 ; 

m ■ 0, 1 or 2 wherein 

R16 represent H, alkyl, aryl or aralkyl, 
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or R« and R* taken together can represent cycloalkyl, =0, -N-O-alkyl or 
heterocycioalkyl, and 
R 1 ° can represent H, alkyl, aryt, aryloxy. arytthio, aralkoxy, aralkthio, aralkyl, 
heteroaryl, heterocycioalkyl, 
5 or R 1 can also be 

SH 




or disulfide dimers thereof; 



(3) R 2 and R 3 are independently selected from the group which is: 
1 0 hydrogen, Ci to Ce alkyl, Cz to Cs alkenyl, C2 to Ce alkynyl, 

(CH 2 ) 2 NR 8 R 9 — (CH 2 ) 2 OR 8 

^ t 

O or 0 ; 

wherein z is 0, 1, 2, 3 or 4; and said alkyl, alkenyl, or alkynyl group is optionally 
substituted with one or more groups which can independently represent: 



1 5 (a) aryl, aralkyl, heteroaryl, heteroarylalkyl or heterocycioalkyl, wherein 
each of said aryl, aralkyl, heteroaryl, heteroarylalkyl or heterocycioalkyl group can 
be optionally substituted with one or more of the following: 
C1 to C4 alkyl, 

(CH2)tOR 8 wherein t is 0, 1 , 2, 3 or 4, 
20 (CH 2 )tNRSR 9 wherein t is 0, 1 , 2, 3 or 4, or 

halogen; 

(b)C 3 toCe (c) -OR 8 ; (d) -SR* (e) -S(0)R 8 ; 
cycloalkyl; 

(f) -SO2R 8 ; (g) «NR 8 R 9 ; (h) (I) 

R 8 



-V* 

o 



R 8 
I 



Y 



NR 8 R 9 



0) W 
— °v/ NR * R9 — OR 8 

» T 

o o 



(0 



Y 



NR*R* 



(m) 

— SO a — NR 8 R 9 
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(n) (o) (p) 

— N-S0 2 — R 9 n — N— SO NR 8 R 8 

0 or 

wherein R 8 and R 9 are defined hereinbefore; and 

and optionally, when R* and R 9 are bound to the same nitrogen, R 8 and R 9 , 

together with the nitrogen to which they are bound, can form a 5 to 7 membered 

heterocycloalkyl ring which may optionally contain O, NR 8 , S(0)q wherein q is 0. 

1or2; 

with the proviso that for compound (1.0) when X 1 is CH, then R 3 is hydrogen, 
and with the further proviso that R 2 and R 3 cannot both be hydrogen; 
and with the provision that when X 1 is N, then R 1 is not 



y^ sh uQ « ^J^, 



10 

2. The compound of claim 1 wherein R 3 is hydrogen. 

3. The compound of claim 1 wherein b is zero. 

4. The compound of claim 1 wherein R 3 is H and b is 0. 

5. The compound of claim 1 wherein Z is (-i-). (-ii-) or (-Hi-), X 2 is CH or N, 
15 b=0 or 1 , R 2 ° is H, C1-C6 alkyl or halo, n = 0 or 1 ; 

X^isN; 

for R 1 , T is -CO-, -SO?- or a single bond, and R a and R b independently represent 
H or C1-C6 alkoxy or R a and R b taken together can form C3-C6 cycioalkyl, =N-0- 

O 

C1-C6 alkyl or XD"" S ""0~ CH3 

O 

t 

20 R 10 is H, aryl, arylthio or heteroaryl; 

(CH 2 ) Z NR 8 R 9 — (CH 2 ) 2 OR 8 

R 2 isH. V or V 

2 s 0 or 1 , R 8 is H and R 9 is alkyl, cycioalkyl, aralkyl, heterocycloalkyl or 
substituted alkyl; and 
R 3 is hydrogen. 

25 
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6. A pharmaceutical composition for inhibiting the abnormal growth of 
cells comprising an effective amount of compound of Claim 1 in combination with 
a pharmaceutical^ acceptable carrier. 

7. A method for inhibiting the abnormal growth of cells comprising 
administering an effective amount of a compound of claim 1. 

8. The method of Claim 7 wherein the the cells inhibited are tumor 
cells expressing an activated ras oncogene. 

9. The method of Claim 7 wherein the cells inhibited are pancreatic 
tumor cells, lung cancer cells, myeloid leukemia tumor cells, thyroid follicular 
tumor cells, myelodysplastic tumor cells, epidermal carcinoma tumor cells, 
bladder carcinoma tumor cells or colon tumors cells. 

10. The method of Claim 7 wherein the inhibition of the abnormal 
growth of cells occurs by the inhibition of ras farnesyl protein transferase. 

1 1 . The method of Claim 7 wherein the inhibition is of tumor cells 
wherein the Ras protein is activated as a result of oncogenic mutation in genes 
other than the Ras gene. 
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